Flower abscission in soybean as affected by assimilate supply and hormone levels by Stockman, Yvonne M.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1988
Flower abscission in soybean as affected by
assimilate supply and hormone levels
Yvonne M. Stockman
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Stockman, Yvonne M., "Flower abscission in soybean as affected by assimilate supply and hormone levels " (1988). Retrospective Theses
and Dissertations. 9732.
https://lib.dr.iastate.edu/rtd/9732
INFORMATION TO USERS 
The most advanced technology has been used to photo­
graph and reproduce this manuscript from the microfilm 
master. UMI films the original text directly from the copy 
submitted. Thus, some dissertation copies are in typewriter 
face, while others may be from a computer printer. 
In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these will 
be noted. Also, if unauthorized copyrighted material had to 
be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are re­
produced by sectioning the original, beginning at the upper 
left-hand comer and continuing from left to right in equal 
sections with small overlaps. Each oversize page is available 
as one exposure on a standard 35 mm slide or as a 17" x 23" 
black and white photographic print for an additional charge. 
Photographs included in the original manuscript have been 
reproduced xerographically in this copy. 35 mm slides or 
6" X 9" black and white photographic prints are available for 
any photographs or illustrations appearing in this copy for 
an additional charge. Contact UMI directly to order. 
•lUMI 
Accessing the World's Information since 1938 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

Order Number 8825458 
Flower abscission in soybean as affected by assimilate supply 
and hormone levels 
Stockman, Yvonne M., Ph.D. 
Iowa State University, 1988 
U M I  
SOON.ZeebRd. 
Ann Aibor, MI 48106 

PLEASE NOTE: 
in ati cases this material has been filmed In the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mari< V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there Is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 
15. Dissertation contains pages with print at a slant, filmed as received 
16. Other 
UMI 

Flower abscission in soybean as affected by assimilate supply and hormone 
levels 
Yvonne M. Stockman 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Crop Production and Physiology 
Approved: 
In Charge of Megor Work 
For the Major Departm
For the Graduate College 
Iowa State University 
Ames, Iowa 
1988 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OP CONTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 2 
Genetic and Environmental Components of Flower Abscission 2 
Plant Status During Flowering and Early Pod Set 4 
Partitioning of Assimilate to the Racemes after the Start of 
Flowering 5 
The Flowering Process and Abscission 7 
Possible Explanations for the Occurrence of Flower Abscission 8 
Objectives of this study 12 
CHAPTER 1 
CHARACTERIZATION OF THE FLOWERING PROCESS 13 
Introduction 13 
Materials and Methods 13 
Results 16 
Discussion 32 
CHAPTER 2 
FLOWER ABSCISSION AS AFFECTED BY ASSIMILATE AND 35 
HORMONE-LIKE COMPOUNDS APPLIED TO THE RACEME 
Introduction 35 
Materials and Methods 35 
Results 41 
Discussion 64 
CHAPTERS 
XYLEM DEVELOPMENT ASSOCIATED WITH HORMONE-LIKE 
COMPOUNDS EFFECTIVE IN ALTERING FLOWER ABSCISSION 67 
Introduction 67 
Materials and Methods 67 
Results 72 
Discussion 78 
iii 
Page 
CHAPTER 4 
THE EFFECT OF SHADING ON FLOWER ABSCISSION 82 
Introduction 82 
Material and Methods 83 
Results 86 
Discussion 96 
SUMMARY 100 
REFERENCES 103 
ACKNOWLEGEMENTS 110 
iv 
LIST OF TABLES 
Table 1. Effect of genotype, density and branching on plant 
development at 50 % flowering 
Table 2. Dry weight allocation at 50 % flowering as a result of 
differences in genotype, density and branching 
Table 3. Genotype, density and treatment effects on flower 
survival of the typical raceme 
Table 4. Effect of genotype, density and branching treatments 
on distribution of dry weight at maturity 
Table 5. Grain yield at maturity as a result of differences in 
genotype, density and branching 
. Table 6. Floral development of the typical raceme in the field 
Table 7. Dry weight distribution of single plants at maturity 
(1985) 
Table 8. Plant size and development at the start of the BAP 
treatments (Experiment 1) 
Table 9. Plant development 13 days after the start of flowering 
on the typical raceme (Experiment 1) 
Table 10. Dry weight distribution 13 days after the start of 
flowering on the typical raceme (Experiment 1) 
Table 11. Effect of the BAP treatments on plant development at 
maturity (Experiment 1) 
Table 12. Effect of BAP on dry weight distribution at maturity 
(Experiment 1) 
Table 13. Plant size and development at the start of the 
treatments (Experiment 2) 
Table 14. Effect of the assimilatory compounds on flower 
survival at the basal (flower positions 1-4) and 
distal (flower positions 5 upwards) sites of the 
typical raceme (Experiment 2) 
Table 15. Effect of the hormone-like compounds on flower 
survival at the basal (flower positions 1-4) and 
distal (flower positions 5 upwards) sites of the 
typical raceme (Experiment 2) 
Table 16. Plant size and development at the start of the 
treatments (Experiment 3) 
Table 17. Effect of the assimilatory compounds on flower 
survival at the basal (flower positions 1-4) and 
distal (flower positions 5 upwards) sites of the 
typical raceme (Experiment 3) 
Table 18. Effect of the hormone-like compounds on pod set 
at the basal (flower positions 1-4) and distal 
(flower positions 5 upwards) sites of the 
typical raceme (Experiment 3) 
Table 19. Effect of the assimilatory compounds on the 
typical raceme two weeks afl;er the last flower 
had abscised or set a pod on this raceme 
(Experiment 3) 
vi 
Page 
Table 20. Effect of the hormone-like compounds on the 59 
typical raceme two weeks after the last flower 
had abscised or set a pod on this raceme 
(Experiment 3) 
Table 21. Distribution of dry weight at the start of the treatments 61 
(Experiment 4) 
Table 22. Effect of the treatments on pod set at the basal (flower 62 
positions 1-4) and distal (flower positions 5 upwards) 
sites of the typical raceme (Experiment 4) 
Table 23. Effect of the treatments on pod survival 2 weeks after 63 
the last flower had abscised or set a pod on the typical 
raceme (Experiment 4) 
Table 24. Effect of the hormone treatment on ovary development 73 
of the typical raceme 
Table 25. Effect of shading on dry weight distribution 87 
(Experiment 1) 
Table 26. Effect of shading on plant development (Experiment 1) 88 
Table 27. Effect of shading on flower development of the typical 90 
raceme (Experiments 1, 2 and 3) 
Table 28. Effect of shading on dry weight distribution 91 
(Experiment 2) 
Table 29. Effect of shading on plant development (Experiment 2) 92 
vii 
Page 
Table 30. Effect of shading on dry weight distribution 94 
(Experiment 3) 
Table 31. Effect of shading on plant development (Experiment 3) 96 
Table 32. Effect of BAP on dry weight distribution, 15 days 
after the start of (lowering (Experiment 3) 
97 
viii 
LIST OF FIGURES 
Page 
Figure 1. Days from appearance of first flower position showing 21 
petals until pod set or flower abscission (No error bars 
are shown at positions with 2 or less data points) 
Figure 2. Days from appearance of flower showing petals until 22 
pod set or flower abscission (No error bars are shown 
at positions with 2 or less data points) 
Figure 3. Flower abscission percentages at each flower position 24 
(No error bars are shown at positions with 2 or less 
data points) 
Figure 4. Flower abscission percentages in the field, 1985 30 
Figure 5. Flower abscission percentages in the field, 1986 31 
Figure 6. Effect of BAP treatments on days from first open 46 
flower to abscission or pod set at a flower position 
on the typical raceme (Experiment 1) (No error bars 
are shown at positions with 2 or less data points) 
Figure 7. Effect of BAP treatment on % flower abscission 47 
at each flower position of the typical raceme 
(Experiment 1) (No error bars are shown at 
positions with 2 or less data points) 
Figure 8. Characteristics of xylem growth used for the 71 
identification of the 8 stages of development of the 
ovary (a = main bundles of xylem extending the 
length of the ovary; b = branching of xylem over 
distal ovules; c = xylem has completely covered the 
distal ovule; d = distal ovule; e = xylem vessel) 
ix 
Page 
Figure 9. Effect of the hormone treatments on ovary length of 75 
the basal (positions 1-4) and distal (position 5 and 
upwards) flowers of the typical raceme. (Standard 
error of mean on first data point) 
Figure 10. Effect of the hormone treatments on ovary width of 76 
the basal (positions 1-4) and distal (position 5 and 
upwards) flowers of the typical raceme. (Standard 
error of means on first data point) 
Figure 11. Effect of the hormone treatments on stage of 77 
development of the basal (positions 1-4) and distal 
(position 5 and upwards) flowers of the typical raceme. 
(Standard error of means on first data point) 
Figure 12. Effect of the hormone treatments on number of xylem 79 
vessels at the base of ovary of the basal (positions 1-4) 
and distal (position 5 and upwards) flowers of the typical 
raceme. (Standard error of means on first data point) 
Figure 13. Effect of the hormone treatments on number of ovules 80 
in the ovary of the basal (positions 1-4) and distal 
(position 5 and upwards) flowers of the typical raceme. 
(Standard error of means on first data point) 
1 
INTRODUCTION 
Soybean is a crop of increasing significance in the midwestem part of 
the USA. With research widening the product range made from the seed, 
its importance will continually become greater and the production areas of 
soybean will continue to spread. An understanding of the physiology of the 
species is vital, so that optimum utilization of the growing conditions can be 
accomplished. 
Many uses have been found for the high protein and oil content of the 
soybean seed (Martin et al., 1976). Soybean cake and meal are used as high-
protein supplements in mixed-feed rations for livestock. Other uses for the 
meal are in plastics, core binders, glue and water paints. The oil is used 
for shortenings, margarines and salad oils, plus it is utilized in the 
manufacture of candles, celluloid, core coil, linoleum, oilcloth, paints, 
printing ink, rubber substitutes, varnish and soaps. Lecithin extracted 
from the oil is used in baked goods, candies, chocolate, cocoa and 
margarine. The frequency of the soybean name on product ingredient 
labels is a testament to its growing importance in the consumer market. 
As the production area for soybean continues to spread, it is vital that 
we have an understanding of the physiology of the crop, particularly in 
relation to the determination of yield. The effect of environmental factors on 
the yield of soybean has been studied extensively, but the mechanism by 
which these factors are controlled within the plant is not well understood. 
If the pathways involved are elucidated, a crop could be manipulated to 
yield its maximum levels rather than levels now present which are 
probably a reflection of survival characteristics of the plant. 
The mechanism by which flower survival is determined is poorly 
understood in soybean and this process is an important step in the final yield 
determination. Flower abscission or pod set is the first process that sets a 
limit on the potential yield of the plant. Other steps such as seed number and 
seed weight can influence yield, but usually in a smaller and negative way. 
This dissertation considers the interrelation of two main hypotheses that have 
been used to explain the mechanism of flower abscission. These are 
assimilate starvation of the flowers and control by hormones. 
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LITERATURE REVIEW 
Soybean is a field crop that produces well-developed floral structures 
before abortion starts to occur. Estimates of flower loss vary from 20 - 80 % 
in studies with determinate and indeterminate cultivars (van Schaik and 
Probst, 1958b; Hansen and Shibles, 1978; Wiebold et al., 1981). Probably 
more than one-half of the abscission occurs within a week of anthesis (van 
Schaik and Probst, 1958; Abemethy et al., 1977; Huff and Dybing, 1980). 
The events involved in the abscission of flowers start shortly after anthesis 
although flower shed occurs much later (Dybing et al.1986). 
Genetic and Environmental Components of Flower Abscission 
There seems to be genetic and environmental influences on the 
abscission process in soybean, van Schaik and Probst (1958a) found that 
flower number per node was quantitatively inherited and that a high 
number usually meant a high abscission rate, but there were exceptions to 
this generalization. The relationship between flower number and 
abscission in parents seems to be passed to the progeny, van Schaik and 
Probst presented evidence for the polygenic control of flower shedding with 
partial dominance of factors for high shedding. But despite the genetic 
influence, their study also showed a large environmental effect on the 
abscission process. 
Many studies have shown the influence of environment on 
abscission. Increased irradiance levels in the lower part of canopy, during 
or at the end of the flowering period, increased total pod number and yield 
(Johnston et al., 1969; Lawn and Brun, 1974; Schou et al., 1978). 
Conversely, shading during the same period has been shown to decrease 
pod number and yield (Mann and Jaworski, 1970; Lawn and Brun, 1974; 
Schou et al., 1978; Wahua and Miller, 1978). Severe defoliation of the plant 
during flowering reduced seed number and yield (Fehr et al., 1977). 
Greater plant density without a change in row width was found to increase 
flower abscission (Dominguez and Hume, 1978). 
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Carbon dioxide enrichment of plants during flowering increased pod 
set but not yield, as seed weight decreased (Hardman and Brun, 1971). 
Enrichment during the post-flowering stage increased pod set slightly and 
resulted in a marked increase in seed weight and yield. Nitrate given to the 
plants during the flowering period was found to reduce flower and pod 
abortion yet no effect was detected when the treatment was given after this 
period (Brevedan et al. 1978). Mann and Jaworski (1970) also found 
decreased pod set when no additional nitrogen and calcium were given to 
their sand-culture grown plants during flowering. 
Irrigation during flowering increased pods formed per plant 
(Ramseur et al., 1984; Kadhem et al., 1985) whereas drought stress during 
the flowering period reduced pods per plant and yield (Snyder et al., 1982). 
Abscission of flowers was found to increase when daylength was 
lengthened (van Schaik and Probst, 1958b). Development of abnonnal 
flowers may be the result of such a treatment, as Fisher (1963) found that 
plants subjected to long photoperiods may develop abnormal anthers, but 
van Schaik and Probst did not find abnormal pollen shed in their 
experiment. If induction of flowering was delayed, the number of pods per 
plant was increased, due to a greater formation of pod-bearing nodes 
(Patterson et. al., 1977). Pamplin (1963) found that if flower development 
was halted at the time of flowering by placing the plants in longer 
photoperiods, normal flower development would restart when the plants 
were returned to the flower inducing photoperiods. 
Low temperatures (10 C) increased abscission of flowers and pods, 
but the chilling temperatures resulted only in abnormal flower 
development and not the abscission of developed fertilized flowers (Musser 
et al., 1986). Temperatures from 40 - 46 C caused a severe reduction in pod 
number, but the differentiation of this effect into flower or pod abscission 
was not investigated (Mann and Jaworski, 1970). van Schaik and Probst 
(1958b) found an increase in flower shedding when temperatures were 
increased from 60 F to 90 F. 
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Plant Status During Flowering and Early Pod Set 
The plant is still growing when flower survival is determined. Egli 
and Leggett (1973) reported that at the start of flowering, an indeterminate 
cultivar had reached 50 % of its final height, whereas a determinate 
cultivar of a similar maturity group, with the same yield potential, had 
reached 80-90% of its maximum height. Dry matter accumulation at the 
same stage was 50 to 60 %, and 75 to 80 % of final dry weight for the 
indeterminate and determinate cultivar respectively. During flowering, an 
indeterminate cultivar produced more vegetative growth than a 
determinate cultivar (30 vs 13 %), but by the time the pods had reached an 
appreciable dry weight, both types of growth habit were close to their 
maximum dry weight. Another apparent difference between the 
indeterminate and determinate growth habits is that even at narrow row 
spadngs, the determinate plant will branch more, and greater plant yield 
is found on the branches (Beaver et al., 1985). 
Gay et al. (1980) compared the dry weight accumulation of older low-
yielding soybean cultivars with new higher-yielding types. They found that 
a yield advantage was gained by an increase in duration of the grain- filling 
period in one of the pairs of cultivars. An increase in partitioning of 
photosynthate to the seed occurred in the other comparison. In modem day 
cultivars, Spaeth et al. (1984) found that the grain yield to vegetative dry 
matter ratio at maturity, for two soybean cultivars, was mostly stable with 
different environmental conditions (interplant competition, extended 
photoperiod, timing of drought stress and degree of drought stress); growth 
types (determinate vs indeterminate) and locations (Ithaca, NY; 
Gainesville, Pla). The grain yield to vegetative dry matter ratio of the 
smaller plants was less than for the larger plants, but these plants had 
little influence on the average ratio measured on the crop. Their 
experiments agreed with previous studies which they reviewed, but Snyder 
et al. (1982) found that soybean cultivars when drought-stressed during pod 
set had a greater harvest index at maturity than the controls. 
In nodulated soybean plants, nitrogen fixation is at a peak rate 
during flowering and early pod-fill (Lawn and Brun, 1974; Wahua and 
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Miller, 1978). Shading the plant during this stage reduces nodule activity 
and yield, presumably due to lower carbohydrate levels within the plant. 
The lack of nitrogen supply was also evidenced in the decreased protein 
yield of the grain. 
Partitioning of Assimilate to the Racemes after the Start of Flowering 
In soybean, it appears that leaves at every other node share the same 
vascular pipeline, although there is some cross-over into other leaves. 
Exporting leaves distribute assimilate mainly to the fruit at the same node, 
or to the nodes two down, or two up from this node (Murray et al., 1982). 
Blomquist and Kust (1971) found that during the late vegetative stage the 
movement of assimilate was to meristematic regions above the leaf, but 
during rapid pod fill, translocation occurred to the pods at the axil of the fed 
leaf and to the second axil below this leaf. The point of switch-over was not 
specified in the paper. Thrower (1962) found that expanding leaves (up to 50 
% of adult size) relied on the upper canopy for assimilate supply, whereas 
the lower canopy supplied the roots in the vegetative plant. Stephenson and 
Wilson (1977) found that the partitioning of from a treated leaf in a 
determinate cultivar was to the roots, pods in the treated leaf axil, pods in 2 
nodes above the treated leaf and the treated leaf just after pod set. During 
this time, there also seems to be some excess assimilate stored in the main 
stem of the middle part of the canopy. Longer distances of assimilate 
transport are possible in the plant. Gent (1982) found in y-shaped soybeans 
that assimilate will travel greater distances to other sinks under specific 
conditions, although sinks closer to the source do appear to have some 
advantage. 
Much less is known about assimilate movement into the raceme and 
pod. Pamplin (1963) presented a detailed account of the growth and 
differentiation of an ovule of a probable non-abscising pod from its inception 
8-11 days before fertilization through to maturity. Contrary to the results 
of Kato and Sakag^uchi (1954), Pamplin provided evidence that all ovules 
started and continued development at the same time, thus equal 
competition for assimilate seemed to exist between these organs. The 
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ovules from their inception are green, chlorophyll bearing organs, and 
from early on, the only contact with the ovary is through the funiculus (the 
stem-like structure connecting the ovule and the pod wall). 
Starch was present in the ovules almost from the time of their 
inception. This starch began to disappear at the time of fertilization with 
none evident by the second or third division of the embryo, which occurred 
one to two days after fertilization. This implied that starch may be used in 
the rapid growth of the ovule that occurred during this stage. 
Just after fertilization, the differentiation of the embryo, inner and 
outer integument, plus endosperm started. The cotyledons began 
differentiation 5-6 days later, with elongation of many areas of the ovule 
also occurring at this stage. 
A vascular system into the ovule was apparent 5-6 days before 
fertilization. The xylem consisted of 2-4 elements with spiral thickening. 
Little or no increase in diameter of this bundle occurred until a few days 
after fertilization, and even then, growth proceeded very slowly. At 
fertilization, the bundle traversed the funiculus and terminated at the 
chalaza (the base of the ovule where the seed stalk was attached). In the 
funiculus, it fanned out so that its connection with the carpellary bundle 
was very wide. Two to three days after fertilization, development started 
with extensive vascular system growth in the outer integument of the seed. 
No details on phloem were given in the study. 
Little difference in the above developmental pattern was observed in 
the cultivars used in the study. Neither field-grown nor greenhouse-raised 
plant material, nor plants that had been inoculated with Rhizobium. 
altered the sequence of development found. 
Brun and Betts (1984) looked at assimilate movement into flowers of a 
raceme and found that the competitive ability to accumulate 
photoassimilates per unit mass (sink intensity) differed between setting 
(positions I-IV) and abscising flower (positions V-VIII) positions. Sink 
activity was very high prior to anthesis in both setting and abscising 
flowers; activity then became very low for the first three days following 
anthesis after which it recovered only in normally setting flowers, but not 
in flowers that normally abscised. 
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The Flowering Process and Abscission 
When flowering was induced, the first flowers in an indeterminate 
cultivar appeared at a specific node and flowering continued towards the tip 
and base of the main stem (Pongsroypech, 1974). Flowering progressed 
only acropetally on the branches. Flower number was greatest at the 
middle nodes, and more than one raceme appeared at each node. 
Flowering on branches began later with the length of the flowering period 
being shorter than that of the main stem. Abortion was greatest at the 
lower nodes of the main stem, although great losses of reproductive 
structures occurred on the branches (Pongsroypech, 1974; Hansen and 
Shibles, 1978). The greatest pod number occurred on the lower middle 
portions of the plant. 
In determinate cultivars, the terminal raceme, the top of the main 
stem and most importantly the branches have contributed to the yield of the 
plant (Dominguez and Hume, 1978; Ramseur et al., 1984). The total 
percentage abscission is greater with increased depth into the canopy 
(Wiebold et. al., 1981). 
It was previously stated that flowers and small pods less than 2 cm in 
length comprise considerable amounts of the abscission that occurred in 
soybean. The flowers that abscised were fertilized and in the 3 to 8 cell stage 
of proembryo development (3 to 7 days after fertilization) (Kato and 
Sakaguchi, 1954; Abemethy et al., 1977). Later formed flowers were more 
likely to abort, but removal of early formed pods increased the survival rates 
of these flowers (Heitholt et al., 1986). 
Dybing et al. (1986) suggested that the events involved in the 
abscission of flowers start shortly after anthesis. No depletion of 
carbohydrates or proteins is found in the flower before abscission occurred; 
the abscising flowers just seem to slow down in growth and then abscise. 
Brun and Betts (1984) found a similar critical stage when they looked at the 
sink activities of abscising vs non-abscising flowers. They found that sink 
intensity (% disintegrations per milligram dry weight) was high before 
anthesis, followed by a reduction in all flowers after anthesis, with no 
recovery after this time in abscising flowers. Pamplin (1963) found that 
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aborting flowers seemed to be different cytologically, as they have cells with 
abnormally small nuclei and thin cytoplasm which are not easily stained. 
It seems that any flower position on the plant has the potential to set 
a pod, as removal of early-formed flowers resulted in other positions 
forming pods ( Hicks and Pendleton, 1969; Tayo, 1977). Tayo (1977) 
suggested that the main stem may have a greater potential for 
compensatory flower and pod development than branches in the cultivar 
they studied, as more pods were set on this part of the plant. 
Most of the recent research has been carried out on cultivars with 
elongated racemes with the studies concentrating on the individual 
raceme. The character for raceme length seems to be governed by one 
gene, with pendunculate (long raceme length) being dominant over sub- . 
sessile (normal length) and there seems to be no linkage between this gene 
and growth habit (determinate vs indeterminate) (van Schaik and Probst, 
1958). Spollen ét al. (1986) examined the effect of having the Elt (long 
axillary) gene present in a cultivar and concluded that the gene delayed 
flowering to allow for increased raceme elongation, but the pattern of 
flowering and abscission seemed to be the same as non Elt lines. Heitholt et 
al. (1986) suggested that abortion was determined on a single-node basis as 
removing all the pods from all the nodes but one, had less effect on flower 
abscission than removing pods from the same node. 
Possible Explanations for the Occurrence of Flower Abscission 
Presently, there are three main hypotheses that attempt to explain 
how and why flower abscission occurs. 
Assimilate starvation of the flowers 
Most of the evidence in favor of this hypothesis comes from field 
studies reported earlier in this literature review. The increased pod set 
with additional irradiance in the lower part of the canopy ( Johnston et al. 
1969; Lawn and Brun, 1974; Schou et al., 1978) and the opposite effect that 
occurred with shading ( Mann and Jaworski, 1970; Lawn and Brun, 1974; 
Schou et al., 1978; Wahua and Miller, 1978) suggested that levels of 
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assimilates within the plant may determine the survival of the flowers. 
The observations that greater carbon dioxide levels (Hardman and Brun, 
1971) and higher nitrate levels (Brevedan et al. 1978) increase pod set, adds 
support to the hypothesis. Streeter and JefTers (1979) found that an 
increased reproductive load on the plant, induced by the introduction of 
reflectors in the canopy during flowering, resulted in lower total non­
structural carbohydrate levels in the plants during pod-filling. Antos and 
Wiebold (1984) also found lower levels of total soluble sugars and starch in 
leaf petioles and stems in the lower part of the canopy where higher 
percentages of abscission occurred. Heitholt et al. (1986) speculate that the 
abortion signal was produced by pods already present and that assimilate 
supply may be involved. 
Other studies though, discount the assimilate starvation hypothesis. 
Stockman and Shibles (1986) found that higher levels of irradiance or 
defoliation treatments had no significant effects on the abscission rates 
found on individual racemes of a debranched, determinate, elongated-
raceme soybean genotype, but they did find that the stem could buffer the 
reserves of carbohydrates within the plant. Dybing et al. 1986 also could not 
find any signs of assimilate starvation in flowers that had a high probability 
of abscising. 
If assimilate supply is involved, one could postulate that the size of 
the vascular system could limit movement of minerals, assimilates and 
hormones to the flower. At the time of fertilization, Pamplin (1963) found 
that the xylem of the ovule consisted of a single, median vascular strand 
that passed from the vascular bundle of the ventral suture of the pod 
through the funiculus, and entered the ovule at the chalazal end. It was 
not until 4 to 5 days after fertilization that the length of the ovule was 
covered with vascular tissue. Flower survival already has been determined 
by this stage. Phloem development has not been studied during this period, 
but it may mimic the xylem development pattern and limit assimilate 
movement into the ovule. 
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Hormone theory 
Several plant hormone groups have been shown to affect flower 
abscission in soybean. Cytokinins have been shown to increase pod set 
(Crosby et al., 1981; Carlson et al., 1987). The analysis of the activity of a 
wide variety of analogues showed that the type of the cytokinin is important 
(Dyer et al., 1987). The N6 position of the structure was the most important 
as far as activity of the molecule was concerned, with a N-6 saturated, 
alkyl-substituted analogue giving the highest activity. N-9 substitutions 
caused decreased pod set. 
Aung et al. (1982) found that both cytokinin-like and gibberellin-like 
compounds were at high levels shortly after anthesis in the ovaries of two 
soybean cultivars. Carlson et al. (1987) using more sophisticated 
techniques found that the xylem exudate flowing into the flowers consisted 
mainly of zeatin riboside and dihydrozeatin. There was a good correlation 
between the amount of cytokinin present in the xylem when the flowers 
opened and the amount of pod set that occurred. The application of 
gibberellins to soybean racemes in a lanolin paste also has been found to 
increase pod set somewhat (Huff and Dybing, 1980). 
The involvement of cytokinins and gibberellins in pod set was found 
not only in soybean but also has been found in cowpea (Âdedipe et al. 1976), 
lupin (Davey and van Staden, 1978) and pea (Eeuwmens and Schwabe, 1975; 
van Staden and Button, 1978). Adedipe et al. found that spraying cytokinins 
onto a cowpea cultivar which had a high abscission rate resulted in greater 
pod set and higher rates of l^C import into the fruit. No changes occurred 
with spraying cytokinins onto a cultivar with low abscission rates. Davey 
and van Staden (1978) found in lupin that the pod wall had higher cytokinin 
levels than the ovules and they suggested that the wall acted as a storage 
place for assimilates going to the seed. Cytokinins may have some role in 
attracting assimilate to these sites. A study by Eeuwmens and Schwabe 
(1975) of pea pod growth suggested that the embryo must be present before 
pod wall development will proceed. If the seeds are killed, the pod will only 
proceed to develop if auxin and gibberellins or a pod extract are applied to 
the pod. 
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The anti-auxin, TIBA, also has been found to increase the number of 
pods produced on the plant (Greer, 1964; Greer and Anderson, 1965; Basnet 
et al., 1972; Nooden and Nooden, 1985). This increased pod number per 
plant resulted from increased branching and pod formation on these 
branches (Basnet et al., 1972) or increased pod set (Greer, 1964; Nooden and 
Nooden, 1986). TIBA also has been found to increase flower production 
(Galston, 1947; Greer, 1964) and to hasten flowering and maturation 
(Greer, 1964; Greer and Anderson, 1965). Galston characterized the effect 
of TIBA as an anti-auxin type of compound by its effect in Avena curvature 
tests. Effects on the vegetative soybean plant such as shortening of 
intemodes, loss of apical dominance, epinasty of young leaves, and 
premature abscission of apical leaves confirmed this hypothesis. The same 
pod set increase shown with the application of TIBA was accomplished by 
the removal of the apex, (Greer, 1964, Greer and Anderson, 1965) or both the 
apex and all reproductive structures at one time, namely two weeks after 
anthesis (Amuti, 1983). 
Greer (1964) applied TIBA at the start of flowering to increase pod set, 
whereas Nooden and Nooden (1985) found that application before anthesis 
increased the pods formed per node but not the total number per plant. An 
application one week after anthesis increased pod number per plant. 
Nooden and Nooden tested several anti-auxin compounds and found that 
methylchlorflurenol (MCF) was better at increasing pod set than TIBA, but 
yield was not improved due to the smaller seeds formed. 
The results with anti-auxin compounds imply that auxins are 
somehow involved in flower abscission. Huff and Dybing ( 1980) found that 
the application of the auxin, lAA, in a lanolin paste, onto the flowers 
increased flower abscission and hastened the abscission process, but the 
application also inhibited flower opening and caused severe curvature of 
the treated raceme. Stockman (1984) found a similar response with the 
application of lAA. 
Ethephon, a compound that releases ethylene through a pH 
dependent reaction, also caused flower abscission in soybean (Slife and 
Earley, 1970; Urwiler and Stutte, 1986). All the flowers aborted with the 
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treatment (Urwiler and Stutte, 1986) and no stimulation of branching 
occurred, so the effect seems to be different than the effect of auxins. 
Another hormone studied has been ABA. Ackerson (1985) found 
high levels of soluble add invertase just after flower opening and this 
gradually decreased until 28 days after flowering. It is thought that ABA 
may stimulate the increased production of invertase resulting in more 
glucose for the growing pod. Conversely, Spollen et al. (1986) found no 
changes in ABA levels when pod survival was increased in distal pods of a 
raceme, by the removal of proximal pods. 
Crude extracts from young pods also have been found to decrease pod 
set (Huff and Dybing, 1980). Identification of the abscission-causing 
compounds was not attempted in the study. 
Light aualitv effects on the raceme 
Heindl and Brun (1983) showed that the amount of light received by 
the raceme affects abscission. Supplemental light of low intensity reduced 
abscission, whereas shading increased abscission. The study found no 
difference in abscission when red or white light was given to the racemes. 
Myers et al. (1987) using racemes cultured in vitro, showed that flowers 
receiving supplemental light were more intense sinks for ^^C sucrose and 
also had better pod set. They also showed that red wavelengths increased 
pod-set compared with far-red wavelengths. This suggested the 
involvement of phytochrome in the movement of sucrose into the flowers. 
The problem with this hypothesis is that it does not explain the high 
abscission rates that occur in the upper part of indeterminate soybean 
canopies. 
Objectives of this study 
Two main hypotheses remain as good candidates for the mechanism 
of flower abscission. They are assimilate starvation and hormonal control. 
It is possible that these hypotheses are interrelated, and this study 
considers some of the interactions that could occur within the plant. 
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CHAPTER 1 
CHARACTERIZATION OP THE FLOWERING PROCESS 
Introduction 
An understanding of flower abscission in soybeans begins with the 
characterization of the flowering process. As previously outlined, most of 
the recent studies of flower abscission have used soybean genotypes with 
elongated racemes. These usually are breeding lines, and at the start of 
these experiments, the flowering response of these genotypes had not been 
studied in depth. The timing of flowering events in a genotype also varies 
with different growing environments. Thus it is important to detail the 
flower development events before other studies are performed. 
In this study, a semi-determinate and a determinate line with 
elongated racemes was chosen from the collection of Dr D. E. Green of the 
Department of Agronomy, Iowa State University. The more determinate 
growth habits were chosen because it was felt that they may grow better in 
the greenhouse without becoming tall and unmanageable. In addition, 
personal communication with Dr Green revealed that elongated racemes 
did not extend as much in the indeterminate lines. 
Another goal of this study was to find a system that provided greater 
amounts of abscission, as low abscission percentages were a problem in my 
previous controlled environment studies on flower abscission (Stockman, 
1984). Thus several planting densities and debranching treatments were 
used in this study, to identify the optimum flower abscission conditions for 
later experiments. 
Materials and Methods 
Greenhottse 
Growing conditions Soybean seeds of two experimental lines A80-D21 
(semi-determinate) and A80-D17 (determinate) were planted into black 
plastic pots (20.5 cm high x 20.5 cm diameter) filled with a sterilized soil 
mixture (20 % soil + 40% peat + 40% perlite). Four seeds were planted at a 
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depth of 2.5 cm in each pot. The plants were thinned to the correct density 
after the unifoliolate leaves had emerged. The pots were watered 
thoroughly after planting and then rewatered as needed. Nutrient solution 
was given once weekly after seedling emergence. Peter's "Peat-lite Special 
2" was used as solution pumped into the hose at watering. 
The average maximum and minimum temperatures during the 
growing period were 28.8 C (SD = 2.71) and 20.0 C (SD = 1.44) respectively. 
Growing degree day (GDD) accumulations during the growing season also 
were calculated using 29.5 C and 12.8 C as the critical high and low values 
respectively. GDD accumulated up to the appearance of the first flower was 
407.5 for the semi-determinate genotype and 492.2 for the determinate 
genotype. For both lines, 1,164 GDD units were accumulated during the 
whole experiment. Temperatures were measured with a thermograph 
housed under an aluminum-foil tent. 
The irradiance received by the plants was calculated by comparing 
several different daily patterns of Photosynthetic Photon Flux Density 
(PPFD) received by the top of the soybean canopy inside the greenhouse with 
the amount received on a grass surface outside. This ratio was used to 
calculate the PPFD received during the whole of the growing season, by 
multiplying this ratio by the total radiation received by the solarimeter on 
top of Curtiss Hall, which is about a kilometer from the site of the 
greenhouse. The average PPFD received per day throughout the 
experiment was 21.1 Em"2 (SD = 10.4). The PPFD received prior to 
flowering was 880 Em-2 for the semi-determinate genotype and 1,141 Em'^ 
for the determinate genotype. Throughout the whole experiment 4,088 
Em~^ was received for both genotypes. 
Treatments Two density treatments, two or three plants per pot, 
were imposed on the plants at the unifoliolate stage. Two plants per pot 
was equivalent to 22 plants m"2 whereas three plants was 33 plants m-2. As 
soon as branches appeared, two other treatments were formed; plants were 
allowed to branch, or plants had their branches cut-off weekly. 
Experimental lavout The experiment was divided into eight blocks at 
planting. By the time all the treatments had been performed, each block 
had two pots of each genotype*density*branching combination. One of 
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these pots was harvested when approximately 50 % of the flowers on a plant 
had opened while the other pot was used for flower observations and was 
harvested at maturity. Twelve pots were used as border pots and these pots 
were not used in the experiment. These pots were situated on the north and 
south ends of the experimental pots. All experimental pots were 
rerandomized within each block twice weekly. When some plants were 
unable to support their weight, all plants were staked. 
Plant samplings At the flowering harvest (when 50 % of the flowers 
on the plants were open), measurements of plant development were taken 
and then the plants were subdivided into leaf, stem plus petiole, and 
racemes for dry weight analysis. The plant samples were dried at 70 C for 
at least 48 hours. Height of the plant was measured from the level of the 
soil to the tip of the apex. The rate of development of the semi-determinate 
line was faster than the determinate line thus at flowering, it was 
harvested about a week before the determinate line. One node, the typical 
node, which was number eight in the semi-determinate and number nine 
in the determinate line, was kept separate for more detailed measurements 
at the flowering harvest. Node number was counted acropetally with node 
one equal to the first node above the imifoliolate leaf pair. 
The typical node also was used to observe floral development on the 
plants kept to maturity. Daily observations of flower appearance, flower 
abortion or pod appearance date were taken for each flower position on the 
typical raceme. A pod was considered set when the pod tip appeared beyond 
the dying petals. Flowers were tapped lightly to see if flower abscission was 
about to occur. 
The final set of pots was harvested when the pods had completely 
turned brown, but ofl;en the rest of the plant had some green coloring. At 
this harvest, plant development and dry weight measurements also were 
taken. 
Field data 
It was believed necessary to have some comparison of the greenhouse 
development patterns with those found in the field. The genotypes used in 
the greenhouse study were planted at the Bruner site of the Iowa State 
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University Agronomy and Agriculture Engineering Research Center near 
Ames. They were planted at different locations within the farm in 1985 and 
1986. 
The soil type at this site was a Nicollet silt loam (fine, loamy, mixed, 
mesic Aquic Hapudoll). The sowing dates were May 15 and May 20 for 1985 
and 1986, respectively, and the emergence dates were May 25 and May 29 
for the same years. The seed was hand-planted in 105 cm rows with a 5 cm 
space between each seed in the row, resulting in a density of 21 plants m'^. 
Fertilizer was incorporated by chisel plowing in the fall with P and K 
applied at 30 and 84 kg/ha, respectively. The preplant herbicide 
Metalachlor was used at 3.9 kg/ha active ingredient. 
Both genotypes were observed in 1985, but only the determinate line in 
1986. Similar floral development data to that taken in the greenhouse were 
taken on 16 plants. Node seven was the typical node in the semi-
determinate and determinate lines in 1985 and node eight was observed on 
the determinate line in 1986. A harvest of ten plants from both lines was 
taken at maturity only in 1985. 
Results 
Greenhouse 
Development at flowering At the stage when approximately 50 % of 
the visible flowers had opened on the plants, the semi-determinate and the 
determinate genotypes showed different developmental patterns. The semi-
determinate genotype was shorter, and had produced fewer nodes and 
fewer floral buds on the typical raceme than the determinate line (Table 1). 
The first node with a raceme in the axil of the leaf also was lower in the 
semi-determinate genotype. Flower abscission seemed to occur at a slower 
rate in this genotype, as at 50 % flowering (Table 1) little abscission had 
been recorded in this line. 
The density and branching treatments had little effect on these 
parameters except that increasing density lowered the number of leaves 
that had emerged and induced slower pod set at the typical node. The lower 
number of emerged leaves observed with increasing density was more 
Table 1. Effect of genotype, density and branching on plant development at 50 % flowering 
Crenotypg (A) Plant Density m)a Twatmfflt (C) Std Error Significant 
Measurement SD^ 2 3 De-B^ of Means Literactions 
Plant height (cm) 97.8 121.1** 109.5 109.4 109.3 109.6 0.93 
Number of emerged 
leaves 
13.0 14.1** 13.9 13.3** 13.5 13.7 0.10 AB(*) 
First node with 
axillary racemes 5.75 6.65** 6.36 6.03 6.12 62S 0.15 AC(*) 
ÂV. no. of flower 
buds at typical node 5.2 7.1** 5.9 6.5 6.1 6.3 0.34 
Av. no. of flowers 
absdsed at typical 
node 0.0 1.17** 0.52 0.66 0.74 0.44 0.14 
Av. no. of pods at 
typical node 0.84 0.88 1.27 0.46** 0.82 0.91 0.15 
^Plant density = 2 or 3 plants per pot 
1>SD = Semi-detenninate; D - Determinate; B = Branched; De-B = Ddkranched. 
•p < 0.05; **p < 0.01. 
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evident in the semi-determinate than in the determinate genotype with 
decreases of 1.0 and 0.3 nodes in the semi-determinate and determinate 
lines respectively. Leaving the branches on the plants lowered the position 
of the first flower 0.3 node in the semi-determinate genotype, but raised the 
position 0.7 node in the determinate genotype. 
The semi-determinate line produced less leaf area and had less dry 
weight in all of the plant parts examined (Table 2). Greater plant density in 
both genotypes increased leaf area and dry weight accumulation per pot in 
all vegetative plant parts, but decreased these parameters when they were 
calculated for the individual plant. Total raceme dry weight although it 
increased per pot with greater plant density, was the same for each plant at 
both densities. Stockman (1984) found a similar stability of raceme dry 
weight with the extra irradiance and defoliation treatments in her 
experiments. 
Debranching decreased leaf area and stem dry weight, but increased 
the typical raceme dry weight. Leaf dry weight remained unchanged. 
Branching increased the total raceme dry weight 0.111 g at the lower plant 
density but caused a slight decrease of 0.032 g at the higher density. This 
switchover may be the result of the branches producing an excess of 
assimilate at the lower density, but becoming a sink for assimilate at the 
higher density and outcompeting the racemes for this supply. 
Alternatively, at the higher densities the branches develop without floral 
structures thus changing the vegetative to floral balance within the plant. 
The second possibility may be more likely as the typical raceme dry weight 
did not change with plant density. 
The percentage of total dry weight in the racemes was greater in the 
determinate line. Density also increased the percentage in favor of the 
racemes, but the ratio increased 0.35 % with plant density in the debranched 
plants, and decreased 0.013 % in the branched plants. Debranching resulted 
in a greater percentage of total dry weight in the racemes of the semi-
determinate line, but in the branched plants the determinate line had the 
greater percentage of dry weight in the racemes. This agrees with the 
studies that have shown that branches contribute substantially to grain yield 
(Dominguez and Hume, 1978; Ramseur et al., 1984). 
Table 2. Dxy weight allocation at 50 % flowering as a result of differences in genotype, density and branching 
GfflQtype (A) Plant Pensityfg)^ Treatment (C) std Error Significant 
Measurement SD^ 2 3 De-B^ of Means Interactions 
Leaf area (cm^/pot) 68^ 8235** 6989 8098** 8045 
(5399)c 
7043** 98.7 
Leafdiy wt 16.4 
(g^pot) 
20.4** 16.6 20.2** 
(ll.l)c 
18.6 18.3 0.46 
Stem diy wt 15.3 
(g/pot) 
20.7** 16.5 19.5** 
(13.0)c 
18.7 17.4** 0.33 
Total raceme dxy wt 0.248 
(g/pot)® 
0.513** 0.314 0.447** 
(0.298)c 
0.401 0.361 0.019 BC(*) 
laical raceme dry wt 0.015 
(expiant) 
0.025** 0.020 0.019 0.018 0.022* 0.0023 
Total dry weight 32.0 
(g/pot) 
41.7** 33.5 40.2** 
(26.8)c 
37.7 36.0 0.77 
% Raceme of total dxy wt 0.85 1.35** 1.03 1.17* 1.11 1.09 0.046 AC(*),BC (* 
^Plant density = 2 or 3 plants per pot. 
^SD s Semi-determinate; D = Determinate; B = Branched; De-B = Ddbranched. 
^alue converted to 2 plants / pot. 
^Includes typical raceme dry wt per pot 
•p<0.05; **p < 0.01. 
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Development after flowering. The tune taken for a pod to set or a 
flower to abscise after the first flower opened on the typical raceme (Fig. 1) 
increased with more distal flower positions in the semi-determinate line, 
but remained about the same in the determinate line. This is confirmed in 
Figure 2, where the time taken for an individual flower to open and then to 
set a pod or abscise mostly increased with more distal flower positions in 
the semi-determinate line, but decreased with the determinate line. There 
seemed to be little effect of the treatments on the timing of the pod set or 
flower abscission, except that in the semi-determinate line the presence of 
branches further delayed pod set or abscission at most flower positions. 
The semi-determinate genotype formed fewer flowers, but more pods, 
thus flower abscission was less than in the determinate genotype (Table 3). 
Genotypes allowed to branch abscised more flowers than debranched 
plants. The semi-determinate line was much more sensitive to the 
presence of branches than the determinate line. When branches were 
removed fromthe plant, the abscission decreased 15.9 % and 2.2 % in the 
semi-determinate and determinate genotypes respectively. 
The probability of the occurrence of flower abscission increased with 
flower position (Fig. 3). The determinate genotype also had a higher 
abscission probability in the lower flower positions than the semi-
determinate genotype. The probability of a lower flower abscising also 
increased with branched plants and this was more evident in the semi-
determinate than in the determinate line. As with raceme dry weight, 
density had little effect on the pattern of flower abscission. 
Maturity 
Plant height was greater in the semi-determinate line (Table 4) and 
this was a change from 50 % flowering harvest where this genotype was 
shorter than the determinate line. This implies that the stem was still 
growing during the flower abscission period in this genotype. The 
determinate line had little change in plant height from anthesis to 
maturity. At maturity, plant height decreased 4.3 cm with plant density in 
the semi-determinate line, but increased 3.4 cm in the determinate line. 
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Table 3. Genotype, density and treatment effects on flower survival of the typical raceme 
Measurement %nçtYP9 (A) Plant; D^ngity (P)^ Trç%tmç# (Ç) Std Error Significant 
SD^ Dib 2 3 De-B^ of Means Interactions 
Flower number 7.72 9.27** 8.64 8.34 8.63 8.36 0.256 
Pod number 5.70 4.48** 5.27 4.92 4.81 538 0.256 
No. of flowers 
abscised 1.97 4.75** 3.31 3.41 3.75 2.97** 0.176 
% dower abscission 24.4 52.4** 37.2 39.5 42.9 33.8** 2.199 AC(*) 
^Hant density = 2 or 3 plants per pot. 
^SD = Semi-determinate; D = Determinate; B = Branched; De-B = Ddbranched. 
*p < 0.05; **p < 0.01. 
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Node number at maturity did not differ between the genotypes (Table 
4) despite the semi-determinate line having fewer expanded leaves at 
flowering. Increased density of plants decreased the final number of nodes 
formed whereas debranching increased this number. 
More dry weight was partitioned to the vegetative part of the plant 
and thus less to the racemes in the semi-determinate than in the 
determinate line (Table 4). The changes in dry weight were evident in the 
typical raceme dry weight as well as in the whole raceme dry weight. Plant 
density had no effect on the non-pod dry weight per pot, but decreased the 
non-pod dry weight formed per plant. The non-pod dry weight per pot 
decreased 1.1 g with increasing plant density in the debranched plants, but 
increased 4.1 g with an increase in density in the branched plants. Dry 
weight of the racemes increased with density on a per pot basis, but 
declined on a per plant basis and this was consistent with anthesis data. 
The change in dry weight accumulation in the racemes was in proportion 
with variations in vegetative growth. Debranching only increased the dry 
weight of the typical raceme, and not the total racemes. The percentage of 
raceme dry weight of the total dry weight increased 2.1 % with greater plant 
density in the debranched plants, but decreased 1.7 % in the branched 
plants. This same result was found at 50 % flowering. 
The semi-determinate line had fewer pods, less grain number and 
less grain dry weight per pot (Table 5). In the debranched treatment, there 
was no difference in pod number between the semi-determinate and 
determinate lines. The determinate line had an increase of 9.5 pods over 
the semi-determinate line when allowed to branch. No genotypic effects 
were evident on the typical node, indicating that the changes in yield were a 
result of other events on the plant, perhaps coming from later 
developmental stages. Pod number, grain number and grain dry weight 
per pot also increased with plant density, but these measurements 
decreased on a per plant basis. Debranching the plant decreased pod 
number, but had no effect on grain number or grain yield. 
Table 4. Effect of genotype, density and branching treatments on distribution of dry weight at maturity 
Measurement Qçnptypg (A) Plant D^ngity (B)a Trç^tmçnt (Ç) Std Error Significant 
SD^ Dib 2 3 De-B^ of Means Interactions 
Plant height (cm) 127.3 119.3** 123.4 123.2 122.8 123.8 1.04 AB(*) 
Total node number 15.9 15.3 16.5 14.8** 15.2 16.1* 0.25 
Non-pod diy wt 
(g/pot) 
33.3 26.2** 28.9 30.6 
(20.4)c 
29.2 30.3 0.96 BC(*) 
Total raceme dry wt 
(g/pot)d 
63.3 78.4** 67.8 73.9* 
(49.3)c 
70.5 712 2.04 
Typical raceme dry 
wt(g/plant) 2.38 2.83* 2.76 2.45 2.31 2.91** 0.273 
Total dry wt (g/pot) 96.6 104.6* 96.8 
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99.7 1015 2.53 
% Raceme of total diy wt 65.6 74.9** 70.0 70.4 70.6 69.9 0.71 BC(*) 
^Plant density = 2 or 3 plants per pot 
^SD = Semi-determinate; D = Determinate; B = Branched; De-B = Ddbranched. 
^alue converted to 2 plants/pot. 
^Includes typical raceme dry wt per pot. 
*p<0.05; **p<0.01. 
Table 5. Grain yield at maturity as a result of differences in genotype, density and branching 
Measurement Genotvne (A) 
8Db Db 
Plant Densitv 
2 3 
Treatment (C) 
Bb De-fib 
Std Error 
of Means 
Significant 
Interactions 
Pod number per pot 46.8 51.6** 56.4 41.9** 
(27.9)c 
51.0 47.4* 117 AC(*») 
Grain number per 
potd 
46.6 54.8** 48.0 53.4* 
(35.6)c 
50.8 50.6 1.58 
Grain dry wt 
(g^pot)d 
266.6 304.9** 273.8 
II 
279.7 291.9 6.58 
laical raceme pod 
number per plant 
4.44 4.08 4.44 4.08 3.73 4.78** 0.22 
Typical raceme grain 
number per plant 
20.6 20.7 21.8 19.5 18.4 22.8** 111 AC(*) 
Typical raceme grain 
dry wt (g/pot) 
3.5 3.9 3.9 3.5 3.3 4.1* 0.196 
Pods abscised 
on typical raceme 
1.23 0.39 0.77 0.86 1.031 0J59 0.131 
^Plant density = 2 or 3 plants per pot. 
^SD = Semi-determinate; D = Determinate; B = Branched; De-B = Debrandied. 
(Value converted to 2 plants/pot. 
^Includes typical raceme data. 
*p < 0.05; **p < 0.01. 
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The higher percentage of pod set found on the typical raceme of the 
semi-determinate line at flowering was off-set by later pod abscission, 
resulting in no difference in pod number between the genotypes at 
maturity. There was an increase in pod number, grain number and dry 
weight of the pods of the typical raceme with debranching, suggesting that 
compensation for the loss of potential yield by debranching started after 
flowering. Grain number on the typical raceme, however, was 3.5 seeds 
greater in the determinate line than the semi-determinate line with 
branching, but 3.3 seeds less with debranching. 
Field data 
The time taken for a flower to set a pod or abort took longer in the field 
(Table 6) and there was more variability in the data than in the greenhouse 
(Fig 1). The field environment was more conducive for faster development 
of the plants in 1986, than in 1985. Flower number was lower, with days 
from flower appearance to abscission, number of days between plant 
emergence and first flower appearance (data not shown), being shorter in 
1986. Temperature differences could have been effective in causing the 
changes in development of the plant, as the temperatures were higher in 
1986. 
Genotypic differences also were evident in the field. The determinate 
genotype produced more flowers than the semi-determinate genotype (Table 
6). In addition the determinate line produced more flowers than in the 
greenhouse study. The determinate genotype had the greater percentage of 
abscission and this was in agreement with the greenhouse study. Flower 
abscission was the greatest part of the total abscission, but a substantial 
amount of pod abortion also occurred under field conditions. Flower 
abscission also was less in 1986 than 1985 in the determinate genotype. Data 
on the semi-determinate genotype were not taken in 1986. 
Flower abscission started to occur at a higher position on the raceme 
in the field (Figs. 4 and 5) than in the greenhouse study (Fig 3). Flower 
positions 1 to 4 had little or no abscission and then abscission increased 
acropetally. Variability in the percentage of abscission occurred up to the 
19th position on the raceme. 
Table 6. Floral development of the typical raceme in the field 
Measurement Semi-determinate Determinate 
ms. 
Determinate 
Days between first flower to open and 
last flower to abscise or set a pod 
35.0 26.1 10.4 
SEMa 425 1.72 0.35 
Days between flower opening and flower 
abscission or pod set at position 5 24.4 10.9 5.1 
SEMa 4.38 1.35 0.32 
Flower number per raceme 6.0 26.4 148 
SEMa 0.89 1.16 0.61 
Total absdssion (%) 51.2 86.2 .b 
SEMa 3.47 1.08 .b 
Flower abscission (%) 33.7 54.5 30.4 
SEMa 4.90 2.61 2.72 
^Standard Error of the Mean. 
^Data not taken. 
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By maturity, the semi-determinate line had formed more nodes than 
the determinate genotype, but this efifect was not significant (Table 7). The 
genotypes did not differ in plant height as was observed in the greenhouse, 
and no significant differences were found in the number of pods formed. 
The total dry weight was partitioned in favor of the raceme in the semi-
determinate line, and slightly more to the stem in the determinate line. 
This is in contrast to the greenhouse study where the determinate line 
distributed more dry weight to the raceme than the semi-determinate line. 
Grain number was not significantly different between the genotypes, but 
grain dry weight was higher in the semi-determinate genotype. This again 
is in contrast with the greenhouse, where the semi-determinate line had a 
lower pod number, grain number and grain yield. 
Discussion 
This study showed definite differences in developmental patterns in 
the semi-determinate and determinate genotypes used in this study. These 
patterns also were influenced by the growing environment. 
In general, the determinate genotype was more suitable for further 
studies of flower abscission. It had greater abscission percentages both in 
the greenhouse and the field. It also formed more flowers and the time 
interval between flowering and abscission or pod set was shorter. 
Three plants per pot gave slightly greater abscission (non-significant) 
than two plants per pot (Table 3). Branching also increased flower 
abscission over the debranched plants. Thus the system used in further 
experiments consisted of the determinate line with three plants per pot, and 
with branches left on the plant. 
The study also started to show some insights to possible regulatory 
mechanisms of flower abscission. Plant density, although decreasing dry 
weight accumulation substantially in all vegetative organs of the plant at 60 
% flowering and at maturity, had little effect on raceme dry weight. The 
diy weight of the typical raceme was unchanged by increased density at 50 
% flowering and at maturity. The total raceme dry weight of the plant was 
unaffected by density at 50 % flowering, but decreased at maturity. The 
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Table 7. Dry weight distribution of single plants at maturity (1985) 
Genotype Standard Error 
Measurement Semi-determinate Determinate of the Mean 
Total node number 18.4 17.1 0.52 
Plant hei^t (cm) 91.6 91.4 1.06 
Total pod number 51 58 3.8 
Typical raceme pod number 2.9 3.5 2.2 
Non-pod dry wt ( g )  8.5 10.7» 0.61 
Raceme diy wt (g)® 27.6 21.9* 1.93 
Typical raceme diy wt (g) 1.6 1.3* 0.45 
Total diy wt (g) 36.0 32.6 2.44 
Raceme of total dry wt (%) 76.0 66.8* 0.90 
Total grain number 150 123 24.0 
Total grain diy wt (g) 20 15** 5.3 
Typical raceme grain number 6.3 7.6 0.55 
Typical raceme grain diy wt (g) 1.16 0.87 0.083 
^Includes typical raceme dry weight. 
»p<0.05; »*p<0.01. 
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lack of effect of density on the typical raceme data suggests less pod 
formation on branches may have resulted in the decreased raceme dry 
weight found with increased density at maturity. 
However, debranching the plant had a pronounced effect on the yield 
of the typical raceme, but had little influence on the final yield of the plant. 
Loss of pod numbers due to debranching the plant was compensated by less 
flower abscission and more seeds per pod in all racemes including the 
typical raceme. Also, more dry weight was distributed to the racemes that 
developed and this was demonstrated by the typical raceme. 
These findings could support both the assimilate starvation and 
hormonal control hypotheses for flower abscission. In the assimilate 
starvation hypothesis, debranching could have caused a redistribution of 
assimilate to the other racemes. Increased density could have resulted in 
formation of branches with few flowers that did not change the amount of 
assimilate available for each raceme. 
In support of the hormone hypothesis, debranching may have caused 
less auxin to be formed in the plant due to presence of fewer apices, thus 
changing the hormonal balance within the plant to one more favorable for 
pod set. Increased density may have closed the plant canopy more tightly 
resulting in less auxin breakdown. Greater branch formation at the lower 
density may have contributed to maintaining higher auxin levels. The net 
result of these interactions may have been similar auxin levels at the two 
density treatments. 
Opposite trends occurred in the dry weight distribution in the field 
and the greenhouse. This may be related to the differences in height 
observed between the greenhouse and the field. The semi-determinate 
genotype was much taller in the greenhouse and this elongation response 
may have been responsible for the greater dry weight distribution to the 
stem in the greenhouse. The elongation response could have been due to 
the greater plant densities and low irradiance levels found in the 
greenhouse studies or to photoperiod differences. 
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CHAPTER 2 
FLOWER ABSCISSION AS AFFECTED BY ASSIMILATE AND 
HORMONE-LIKE COMPOUNDS APPLIED TO THE RACEME 
Introduction 
Two hypotheses are good candidates for the mechanism of flower 
abscission in the soybean plant. The first is the assimilate starvation idea 
and the second is the hormone signal concept. It was envisaged that these 
two hypotheses could be tested by the application to the raceme of many 
different compounds, both of an assimilatory and of a hormone-like nature. 
With regard to assimilate starvation, the possible range of 
compounds that could be in short supply are carbohydrates, nitrogen and 
calcium. Hormones that could be involved in flower abscission include, 
cytokinins, gibberellins, auxins and ethylene. To test the above hypotheses, 
the compounds listed above and combinations of them were applied to the 
racemes of plants in these experiments. 
Materials and Methods 
Experiment 1 
Growing conditions Soybean seeds of A80-D17 (a determinate line) 
were planted in black plastic pots as specified in Chapter 1, with the 
exception that 5 seeds were planted instead of 4 and the plants were thinned 
to three plants per pot at the unifoliolate leaf stage. Care of the plants was 
as in Chapter 1. The average maximum and minimum temperatures 
during the growing period were 28.0 C (SD= 4.1) and 20.4 C (SD=1.2) 
respectively. Growing degree day (GDD) accumulations during the 
experiment were 463 up to the appearance of the first open flower on the 
typical raceme and 1,286 GGD for the whole experiment. The average 
PPFD (Photosynthetic Photon Flux Density) received per day throughout the 
whole experiment was 12.9 Em"2 (SD = 7.4). The PPFD received prior to the 
appearance of the first open flower on the typical raceme was 648 Em'^. 
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Throughout the whole experiment 1,445 Em'^ was received. The 
temperature and radiation values were calculated as outlined in Chapter 1. 
Exnerimental layout The experiment was divided into eight blocks at 
planting. There were 5 treatments and a control in each block. Each block 
contained enough plants for a harvest at the start of the treatments, 13 days 
after the treatments were applied, and at maturity. Twelve pots acted as 
border pots as outlined in Chapter 1. 
Treatments In this experiment, methods of application of a growth 
regulator, 6-benzylaminopurine (BAP), with a known mode of action of 
increasing pod set, were tested. The treatments were: 
1. Control - no treatment 
2. Paint brush application of ImM BAP solution. 
3. Paint brush application of 5 mM BAP solution. 
4. 0.17 % BAP mixed in lanolin applied to the flower stalk 
5. 0.67 % BAP mixed in lanolin applied to the flower stalk. 
6. 1.3 % BAP mixed in lanolin applied to the flower stalk. 
A typical raceme (node 7) on two out of the three plants in the pot was 
treated. The treatments were applied four days after the first flower 
appeared on a typical raceme. About 0.1 g of lanolin plus BAP was applied 
to the base of each raceme. The BAP was dissolved in anhydrous lanolin by 
heating the mixture in a beaker, within a water bath, to a slow boil, and 
heating until the liquid became clear. For the solution treatments, the BAP 
was dissolved in 2 % ethanol with a small amount of IN KOH and diluted to 
1 mM and 5 mM with 16 mM potassium phosphate buffer (pHs6.4) 
containing 0.05 % (v/v) Tween 80. The solution was applied to the base of the 
raceme with a paint brush to the point of run-off. 
Plant samplings Eight control pots (one from each block) were 
harvested at first flower appearance on the typical raceme, and one pot per 
treatment for each block, 13 days after this time and at maturity. 
Measurement of flower development and dry weight partitioning were 
taken at each of these harvests as previously outlined in Chapter 1. A non­
destructive count of flower development was taken on the typical raceme of 
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the plants kept until maturity. The number of flowers, the number flowers 
that abscised, or pods that formed, were recorded for each position on the 
raceme as well as timing of each of these events. The maturity harvest was 
taken when the pods turned brown, as outlined previously in Chapter 1. 
Experiment 2 
Growing conditions Soybean seeds of A80-D17 were planted in plastic 
pots as specified in Experiment 1. The average maximum and minimum 
temperatures during the experiment were 27.6 G (SD = 2.77) and 21.4 C (SD 
= 1.09) respectively. GDD accumulations during the growing season were 
560.7 up to the appearance of the first open flower on the typical raceme and 
831.2 GGD for the whole experiment. The average PPFD received per day 
throughout the whole experiment was 18.6 Em"2 (SD = 8.3). The PPFD 
received prior to the appearance of the first open flower on the typical 
raceme was 882 Em"2. Throughout the whole experiment 1,316 Em-2 was 
received. 
Experimental lavout The experiment was divided into eight blocks at 
planting. There were 10 treatments and a control in each block. Six 
randomly distributed control pots were harvested at the start of the 
treatments while the rest of the plants were treated and scored for flower 
development as outlined in Experiment 1. No harvests were taken of these 
pots. Twelve pots acted as border pots as outlined in Chapter 1. 
Treatments The treatments consisted of assimilatory and hormone­
like compounds given at the following concentrations. The abbreviations 
used for the treatments are included in brackets behind their description. 
1. Control - lanolin (C/lan) 
2. 1 % D-calcium gluconate (1 CG) 
3. 10 % D-calcium gluconate (10 CG) 
4. 5  %  D-glutamine (GLN) 
5. 10 % sucrose (SUC) 
6. 5 %  glutamine + 10 % sucrose (GLN+SUC) 
7. 0.01 % BAP (BAP) 
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8. 0.4 % Ethephon [0.05 ml of Cerone - 4 (active ingredient 2 
chloroethyl phosphonic acid- 39.5 % by weight) in 5 g of 
lanolin] (0.4 ETH) 
9. 4 % Ethephon (4 ETH) 
10. 0.1 % gibberellic acid 3 (GAl) 
11. 0.01 % gibberellic add 3 (GAOl) 
All the treatment compounds are expressed as a percentage weight 
of lanolin. The treatments were made the same way as the BAP treatment 
in Experiment 1. Approximately 0.1 g of each treatment compound was 
applied to the base of the 1st and 5th flower on the day which that flower 
opened. A typical raceme of each plant in a pot was treated in this 
experiment, which resulted in three treated racemes per pot. The typical 
raceme in this experiment was situated at node 8. 
The typical raceme was observed daily for flower abscission and pod 
set. When flower abscission had finished, a total count of all the pods that 
had formed in the basal (positions 1-4) and distal (positions 5 upwards) flower 
sites of the raceme was taken as an estimate of the effect of the treatments on 
abscission. The plants were discarded after these observations. 
Experiment 3 
Growing conditions Soybean seeds of A80-D17 were planted in black 
plastic pots as specified in Experiment 1. The plants were grown as specified 
in Chapter 1. The average maximum and minimum temperatures during 
the experiment were 25.1 C (SD = 0.79) and 21.5 C (SD = 0.42) respectively. 
GDD accumulated were 590 up to the appearance of the first open flower on 
the typical raceme and 955 GGD for the whole experiment. The average 
PPPD received per day throughout the whole experiment was 6.7 Em*2 (SD = 
3.8). The PPFD received prior to the appearance of the first open flower on the 
typical raceme was 440 Em"2. Throughout the whole experiment 615 Em"2 
was received. The temperature and radiation values were calculated as 
outlined in Chapter 1. The plants received extra PPFD from high pressure 
sodium lamps (400 watts) of 5.8 Em-2 per day. The lamps also extended the 
daylength to a constant 15 hours from 6:00 to 19:00 h. 
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Experimental layout The experiment was divided into eight blocks at 
planting. There were 10 treatments and two controls in each block. One of 
the controls was an untreated raceme, whereas the other control consisted 
of a lanolin-treated raceme. Each block consisted of one pot for harvest at 
the start of the treatment period plus one of each of the treatments and two 
controls. Three plants per pot were used and the typical raceme was at 
node 9. Twelve pots acted as border pots as outlined in Chapter 1. 
Treatments The treatments applied and the abbreviations used for 
the treatment are as follows: 
1. Control - no treatment (C) 
2. Lanolin (C/lan) 
3. 1 % D-calcium gluconate (CG) 
4. 5 % D-glutamine (GLN) 
6. 10 % sucrose (SUC) 
6. 5 % glutamine + 10 % sucrose (GLN+SUC) 
7. 0.01 % BAP (BAP) 
8. Ethephon -19.75 g Cerone 4/liter (ETH) 
9. 0.01 % gibberellic acid 3 (GA) 
10. TIBA - 75 ppm solution applied to the whole plant until rim-
ofF, one week before flowering (TIBA) 
11. TIBA as above plus 1 % calcium gluconate applied to the 
typical raceme at flowering (TIBA + CG) 
12. 0.01 % BAP +  1 %  calcium gluconate (BAP) 
The TIBA was applied to the whole plant, to the point of rim-off, one 
week before flowering. The TIBA solution was made by dissolving one gram 
of TIBA (2,3,5-triiodobenzoic acid crystalline) in 100 ml of 100 % ethanol to 
give a stock solution of 10,000 ppm. This stock solution was covered with 
aluminum foil and stored in the freezer until use. A distilled water-based 
75 ppm solution was made from the stock solution on the day of use. A 
small amount of Tween 20 (0.03 ml/400 ml of solution) was added to the 
solution to aid wetting. For the treatment, approximately 50 ml of this 
solution was applied to each plant with a spray bottle. 
40 
The ethephon solution was made up daily by adding 1 ml of Cerone 4 
to a 200 ml flask, which was then made up to volume with distilled water. 
A small amount of Tween 20 (0.01 ml/200 ml of solution) also was added to 
aid wetting of the raceme. The ethephon was applied with a paint brush to 
the point of run-off to the base of first and fifth flower positions as the 
flowers opened. 
The other treatments were mixed on a weight/weight basis with 
lanolin as described in Experiment 2. The mixtures were applied to the 
base of the first and fifth flower positions when the flowers opened at these 
respective positions. 
The treated plants were observed every two days throughout the 
treatment period for pod set or flower abscission, as described in 
Experiment 2. Two weeks after the last flower had abscised or set a pod, 
pod number was scored plus counts of seed number and pod length were 
recorded. 
Experiment 4 
Growing conditions The layout of this experiment was the same as 
in the previous experiment, with the exception that treatments were 
different. The average maximum and minimum temperatures during the 
experiment were 23.6 C (SD = 1.52) and 20.3 C (SD = 0.61) respectively. GDD 
accumulations during the experiment were 557 up to the appearance of the 
first open flower on the typical raceme and 843 GDD for the whole 
experiment. The average PPFD received per day throughout the whole 
experiment was 10.8 Em"2 (SD = 5.9). The PPFD received prior to the 
appearance of the first open flower on the raceme 559 Em-2. Throughout 
the whole experiment 997 Em"2 was received. The temperature and 
radiation values were calculated as outlined in Chapter 1. The plants 
received extra irradiance from high pressure sodium lamps (400 watts) of 
5.85 Em-2 per day. The lights also extended the daylength to a constant 15 
hours from 6:00 to 19:00 hrs each day. The plants were given a systemic 
drench of "Banrot" (Mallinckrodt company) about one month after 
planting. This drench was applied at a rate of 48.5 g /lOO liters. 
41 
Experimental layout The experiment was divided into eight blocks at 
planting. There were five treatments and two types of controls in each 
block. Each block contained one pot for a harvest at the start of the 
treatment period and two pots of each control and treatment (except SUC 
and GLN which had one). Three plants per pot were used and the typical 
raceme was at node 9. Twelve pots acted as border pots as outlined in the 
Chapter 1. 
Treatments The treatments applied and the abbreviations used for 
the treatments are as follows: 
1. Control - no treatment (C) 
2. Lanolin (C/lan) 
3. 0.01% BAP (BAP) 
4. Ethephon - 0.5 ml Cerone 4 /100 mis distilled water. (ETH) 
6. 75 ppm TIBA (TIBA) 
6. 5 % L-glutamine (GLN) 
7. 10 % sucrose (SUC) 
For details on the preparation and application of the treatments see 
Experiment 3. 
Plant samplings Plants from eight pots (one from each block) were 
harvested at the start of the treatment period. Plants in one pot per block of 
all the treatments and controls were used for observations on flower 
abscission and pod set as outlined in Experiment 3, whereas the other pot 
was used to collect samples for microscopic examination detailed in 
Chapter 3. No anatomical studies were attempted on the GLN and SUC 
treatments. 
Results 
Experiment 1 
Plant development and dry weight distribution at the start of the BAP 
treatments can be seen in Table 8. The plants had not reached full height 
or final leaf number (compare with Tables 9 and 11) and the leaves were 
still expanding (compare leaf area of Table 8 with Table 10). The racemes at 
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Table 8. Plant size and development at the start of the BAP treatments 
(Experiment 1) 
Measurement 
Standard Error 
of the Mean 
Plant height (cm) 84 3.2 
Number of expanded leaves 10.0 0.12 
First node with axillary racemes 4.9 0.28 
Leaf area (cm^/pot) 5800 181 
Leaf diy wt (g/pot) 12.3 0.32 
Stem dry wt (g/pot) 5.9 0.39 
Raceme dry wt (g/pot)® 0.287 0.016 
Typical raceme dry wt (g/plant) 0.0115 0.00058 
Total dry wt (g/plant) 18.5 0.687 
Raceme of total dry wt (%) 1.55 0.063 
Typical raceme of total raceme 
diy wt (%) 12.1 0.38 
^Includes typical raceme dry weight 
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this stage represented a small fraction (1.56 %) of dry weight of the plants, 
and the typical raceme represented 12.1 % of the total raceme dry weight. 
By 13 days after the start of the BAP treatments, differences due to the 
treatments were apparent (Tables 9 and 10). Features of plant development 
such as plant height, number of expanded leaves, the position of the lowest 
node with racemes, flower number and the length of the typical raceme 
were not significantly affected by the BAP treatments (Table 9). The 
distribution of dry weight in the non-flowering parts of the plant also was 
not changed by the treatments (Table 10). The ratio of the raceme dry 
weight to total dry weight was unaffected, but the ratio of the typical raceme 
to the total raceme dry weight was increased with the application of the 
BAP treatments. The water-based treatment gave the greatest increase in 
this ratio. This effect was not seen in the typical raceme dry weight fraction 
because of variation of plant size and raceme size between the treatments. 
At the time of this harvest, two-thirds of the flower abscission had occurred 
(numbers are not shown). 
There was some evidence that the BAP treatments appeared to 
shorten the time for a decision to be made at a flower position as to whether 
a flower abscised or a pod set (Fig. 6). The percentage of flower abscission 
also was less with the BAP treatments (Fig. 7), particularly towards the 
higher flower positions. There was no evidence to suggest that the water-
based BAP treatment gave less flower abscission than the lanolin treatment. 
This was confirmed by the percentage flower abscission data in Table 11. 
Plant height, node number and the first node position with pods still 
were unaffected by the BAP treatments at maturity (Table 11). The 
treatments also did not change dry weight distribution to all plant organs 
except the treated typical raceme (Table 12). This had been observed at 13 
days after the treatments were started. 
The water-based treatments gave the only significant results. The 
typical raceme dry weight, pod number and grain number were increased 
with the 1 and 5 mM BAP treatments (Tables 11 and 12). In agreement 
with these results, total abscission (pod and flower) was decreased only by 
Table 9. Plant development 13 days after the start of flowering on the typical raceme (Experiment 1) 
tootin based BAP Water-based BAP Std Error 
Measurement Control 0.17 % 0.67 % 1.3 % 1 mM 5 mM of Âe Means 
Plant height (cm) 94.1 94.6 94.9 97.1 94.2 93.7 1.96 
Number of expanded 
leaves 9.9 9.9 10.0 10.0 9.8 9.9 0.13 
First node with 
axillary racemes 4.3 3.8 3.9 4.0 3.8 4.0 0.19 
Typical raceme 
flower number 8.1 8.1 7.4 8.6 8.1 8.2 0.43 
Typical raceme 
length (mm) 23.8 28.0 19.1 27.3 27.1 31.1 3.2 
Typical raceme dry 
wt (g/plant) 0.309 0.366 0.316 0.352 0.398 0.420 0.042 
Table 10. Diy weight distribution 13 days after the start of flowering on the typical raceme (Experiment 1) 
Lanplin-^^gçd BAP Water-based BAP Std Error 
Measurement Control 0.17 % 0.67 % 1.3 % 1 mM 5 mM of the Means 
Leaf area (cm^/pot) 7038 7168 6385 6734 6424 6678 335 
Leaf dry wt (g/pot) 16.7 16.9 15.1 15.7 15.9 15.3 0.78 
Stem dry wt (g/pot) 18.6 18.7 17.4 18.0 17.7 17.3 0.75 
Raceme dry wt (g/pot)& 6.46 6.28 6.40 6.18 6.60 5.82 0.53 
Total dry wt (g/pot) 42.2 42.1 39.5 43.6 40.5 38.8 2.21 
Typical raceme of total 
raceme dry wt (%) 15.3 14.8 16.2 14.6 16.2 15.0 0.90 
Typical raceme of total 
dry wt(%) 
1.47yb 1.73yz 1.62^  1.6$yz 1.98z 2.24Z 0.14 
^Includes typical raceme dry wt per pot. 
^Different letter indicates significant differences at p < 0.05. 
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Fig. 7. Effect of BAP treatment on % flower abscission at each flower 
position of the typical raceme (Experiment 1) (No error bars 
are shown at positions with 2 or less data points) 
Table 11. Effect of the BAP treatments on plant development at maturity (Experiment 1) 
Lanolin-baggdBAP Water-based BAP StdError 
Measurement Control 0.17 % 0.67 % 1.3 % 1 mM 5 mM of the Means 
Plant height (cm) 95.6 94.0 93.8 94.8 96.3 92.7 2.07 
Node number 12.7 13.0 12.8 13.6 13.1 12.9 0.38 
First node with 
axillary pods 4.3 4.4 4.3 4.6 4.9 4.6 0.20 
Total pod number 
(per pot) 75.0 77.3 79.2 73.7 72.8 74.4 2.39 
Typical node pod number 
(per plant) 3.4y^ 4.1y 3.8y 3.6y 4.6z 5.4z 0.31 
Total abscission of 
typical raceme (%) 58.()y 47.6y 46.3y 58.5y 41.7z 33.2z 4.67 
Flower abscission of 
typical raceme {%'P 52.5y 32.3z 23.8Z 36.5Z 23.0Z 27.9z 3.78 
^Different letter indicate significant differences at p < 0.05. 
^Measured after last flower had abscised. 
Table 12. Effect on BAP on dry weight distribution at maturity (Experiment 1) 
Lanplin-bagçd BAP Water-based BAP Std Error 
Measurement Control 0.17 % 0.67 % 1.3 % 1 mM 5 mM of the Means 
Stem diy wt (g/pot) 11.9 11.7 12.1 11.7 12.6 12.1 0.61 
Total raceme dry 
wt (g/pot)& 35.0 33.7 35.4 31.3 33.5 32.0 1.36 
Topical raceme dry 
wt (g/plant) 1.61yb 1.61y 1.5%r 1.20y 2.192 2.30z 0.18 
Total diy wt (g/pot) 46.9 45.4 47.5 43.1 46.1 44.2 1.73 
Raceme of total diy wt (%) 46.9 33.7 35.4 31.3 33.5 32.0 0.99 
Grain number (per pot) 175.9 191.0 184.9 166.9 177.3 165.3 7.8 
Typical raceme grain 
number (per plant) 7.3y 8.07y 7.57y 6.44y lO.lz 11.43Z 0.87 
Grain dry wt (g/pot) 25.0 23.6 25.4 22.1 23.5 22.2 1.12 
Typical raceme grain diy 
wt (g/plant) 1.14y l.lly 1.05y 0.81y 1.37y 1.58y 0.14 
^Includes lypical raceme dry wt per pot. 
^Different letter indicate significant differences at p < 0.05. 
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the water-based BAP treatments, whereas all BAP treatments decreased 
flower abscission (Table 11). 
Experiment 2 
At the start of the treatments in this experiment, the racemes 
represented a smaller percentage of dry weight (0.56 %) than in the first 
experiment (1.55 %), but the typical raceme represented a slightly larger 
percentage (14.9 vs 12.1 %) of the raceme dry weight (Table 13). The number 
of leaves emerged was 11.0 and the height of the plant was 101.7 cm. As in 
previous experiments, the plants had not reached their full height nor had 
all leaves fully emerged and expanded. At the stage the treatments were 
applied, nearly equal dry weight accumulation had occurred in the stem 
and the leaves. In contrast with the previous experiment, substantially 
more dry weight had formed in the leaves at this stage (Table 8). 
The assimilatory and hormone-like compounds had substantial 
effects on flower survival of the typical raceme. Calcium gluconate (1%) 
and glutamine + sucrose increased the number of pods and decreased 
flower abscission at the basal and distal flower sites (Table 14). While 
flower abscission on the whole raceme was decreased, these compounds did 
not significantly increase the total number of pods that formed on the 
raceme, although increases above the control number were evident. 
BAP increased pod set and decreased flower abscission at the basal 
and distal sites of the raceme (Table 15), as well as at the whole raceme 
level. Both concentrations of ethephon decreased pod set at both the basal 
and distal flower positions to near zero, which culminated in almost total 
flower abscission. In most cases, an abscission layer formed at the base of 
the raceme, and the whole raceme fell off. The effects of gibberellic acid 
were variable. Gibberellic acid (0.01 %) increased pod set only in the distal 
flower positions, and decreased flower abscission at the same site, but this 
effect was not significant. Gibberellic acid (0.1 %) decreased pod set in the 
lower flower position and increased pod set in the distal positions resulting 
in no net change in total pod number of the raceme. The flower abscission 
result with Gibberellic acid (0.1 %) showed a similar trend. 
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Table 13. Plant size and development at the start of the treatments 
(Experiment 2) 
Measurement 
Standard Error 
of the Mean 
Number of emerged leaves 11.0 0.16 
Plant height (cm) 101.7 1.65 
Leaf area (cm^/pot) 8077 81 
Leaf dry wt (g/pot) 21.1 0.68 
Stem diy wt (g/pot) 18.0 0.51 
Raceme diy wt (g/pot)& 0.218 0.030 
Typical raceme diy wt (g/plant) 0.032 0.004 
Total dry wt (g/plant) 39.2 1.13 
Raceme of total dry wt (%) 0.56 0.07 
Typical raceme of total raceme 
dry wt (%) 14.9 0.42 
^Includes typical raceme dry weight per pot. 
Table 14. Effect of the assimilatoiy compomids on flower survival at the basal (flower positions 1-4) and 
distal (flower positions 5 upwards) sites of the typical raceme (Experiment 2) 
Measurement C/lan ICG 10 CG GLN sue GLN+SUC SEM 
Total flower number 10.6 9.8 11.0 112 11.3 11.2 0.42 
Number of basal pods 2.4 3.2** 2.4 2.0 2.5 3.0* 0.23 
Number of distal pods 2.3 3.3* 3.0 2.3 2.6 3.4* 0.37 
Total pod number 4.8 6.5 5.5 4.3 5.1 6.4 0.52 
% basal flower abscission 39.6 20.2* 39.6 50.0 36.5 25.0* 5.84 
% distal flower abscission 64.6 45.1** 56.1 64.4 63.6 48.7* 5.66 
% total flower abscission 55.5 34.9** 50.3 59.6 53.7 40.8* 4.95 
•p<0.05; »*p<0.01. 
Table 15. Effect of the hormone-like compounds on flower survival at the basal (flower positions 1-4) and 
distal (flower positions 5 upwards) sites of the typical raceme (Experiment 2) 
Measurement C/lan BAP 0.4 ETH 4ETH GAOl GAl SEM 
Total flower number 10.6 10.7 10.7 11.0 11.0 10.6 0.42 
Number of basal pods 2.4 3.1* 0.0** 0.04** 2.3 1.8* 0J23 
Number of distal pods 2.3 4.8** 0.04** 0.0** 3.2* 3.5* 0.37 
Total pod number 4.8 7.8** 0.1** 0.0** 5.5 5.3 0.52 
% basal flower abscission 39.6 22.9* 99.0** 100.0** 42.7 54.2* 5.84 
% distal flower abscission 64.6 27.7** 99.4** 100.0** 51.5 46.6* 5.66 
% total flower abscission 55.5 26.0** 99.3** 100.0** 48.6 49.8 4.95 
*p<0.05; **p<O.OL 
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Experiment 3 
The plants at start of the treatment period in this experiment (Table 
16) were slightly shorter in height than in Experiment 2 (94.1 cm), although 
the same number of leaves had emerged. The leaf, stem and raceme dry 
weight were less in this experiment than Experiment 2, but the racemes 
accounted for more of the total dry weight (1.65 vs 0.56 %). The typical 
raceme represented slightly less of the total raceme dry weight in this 
experiment (11.4 vs 14.9 %). The number of flowers on the typical raceme 
was greater in this experiment (13.6 vs 10.6). 
The assimilatory compound only decreased flower abscission in the 
distal flower positions to give an overall decrease in flower abscission on the 
raceme (Table 17). The effective compounds were CG and GLN. 
Several hormone-like compounds had significant effects on flower 
abscission. (Tables 18 ). BAP increased pod set in both the basal and distal 
parts of the raceme, but the decrease in abscission was not significant at 
the distal flower positions. The consequence of this effect of BAP was 
increased pod survival and decreased flower abscission on the whole 
raceme. Even though both BAP and GG increased pod set (and decreased 
flower abscission), these compounds when combined, together had no 
significant effects on the raceme. 
GA decreased flower abscission in the distal flower positions to give a 
total decrease on a raceme basis. Even though GA also increased pod 
number at this part of the raceme, this effect was not significant. 
TIBA and TIBA + CG increased pod set and decreased flower 
abscission in both the basal and distal flower position to give an overall 
increase in flower survival. TIBA also had a morphological effect on the 
plants in that it caused the leaves at the top of the plants to become smaller 
and very wrinkled. Ethephon again decreased pod set close to zero, and 
increased flower abscission to close to the maximum value of 100 % to give 
almost zero survival of flowers on a raceme with this treatment. 
The significant treatment effects on flower survival became less 
significant during the pod growth period (Tables 19 and 20). It seemed that 
where the treatments had previously increased flower survival and the 
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Table 16. Plant size and development at the start of the treatments 
(Experiment 3) 
Measurement 
Standard Error 
of the Mean 
Number of emerged leaves 11.2 0.35 
Plant height (cm) 98.3 5.45 
Leaf area (cm^/pot) 5508 370 
Total flower number on 
typical raceme 13.6 1.28 
Number of open flower on 
typical raceme 0.74 0.54 
Leaf dry wt (g/pot) 10.8 1.3 
Stem diy wt (g/pot) 9.5 1.5 
Raceme dry wt (g/pot)^ 0.337 0.04 
Typical raceme diy wt (g/plant) 0.039 0.007 
Total dry wt (g/pot) 20.6 2.61 
Raceme of total dry wt (%) 1.65 0.15 
Typical raceme of total raceme 
diy wt (%) 11.4 0.87 
^Includes typical raceme diy weight. 
Table 17. Effect of the assimilatoiy compomids on pod set at the basal (flower positions 1-4) and distal 
(flower positions 5 upwards) sites of the typical raceme (Experiment 3) 
Measurement C C/lan CG GLN sue GLN+SUC SEM 
Days after Dec 1 that 
first flower opened 6.4 8.0** 7.1 7.6* 5.9 7.5* 0.39 
Total flower number 14.2 13.4 12.6 11.5 14.0 14.5 0.67 
Number of basal pods 2.80 2.37 2.67 3.00 2.88 2.90 0.19 
Number of distal pods 4.0 3.7 4.5 4.0 4.6 4.0 0.41 
Total pod number 6.8 6.1 7.2 7.0 7.5 6.9 0.49 
% basal flower abscission 30.0 40.8 33.3 25.0 30.0 27.6 4.8 
% distal flower abscission 58.6 62.1 44.3* 43.8* 50.7 58.1 4.6 
% total flower abscission 50.9 55.8 41.0* 38.3* 44.5 49.4 3.8 
*p<0.05; **p<0.01. 
Table 18. Effect of the hormone-like compounds on pod set at the basal (flower positions 1-4) and distal 
(flower positions 5 upwards) sites of the typical raceme (Experiment 3) 
Measurement C/lan BAP ETH GA TIBA TIBA 
+CG 
BAP 
+CG 
SEM 
Days after Dec 1 that 
first flower opened 6.4 7.1 7.1 8.0 6.7 7.0 6.5 0.39 
Total flower number 13.8 14.4 12.8 12.7 13.3 14.2 14.0 0.67 
Number of basal pods 2.37 2.92* 0.14** 2.69 3.94** 3.91* 2.64 0.19 
Number of distal pods 3.7 4.7* 0.0** 4.0 6.1* 6.2* 4.3 0.41 
Total pod number 6.1 7.6* 0.14** 6.7 10.1** 10.1** 6.9 0.49 
% basal flower abscission 40.8 27.1* 96.4** 32.7 1.4** 2.1** 33.9 4.8 
% distal flower abscission 62.1 52.9 100.0** 48.8* 30.7** 36.9** 57.2 4.6 
% total flower abscission 55.8 46.2* 98,9** 44.8* 22.1** 26.9** 50.5 3.8 
*p < 0.05; **p < 0.01. 
Table 19. Effect of the assimilatoiy compounds on the typical raceme two weeks after the last flower had 
absdsed or set a pod on this raceme (Experiment 3) 
Measurement C C/lan CG GLN sue GLN+SUC SEM 
Total flower number 14.2 13.4 12.6* 114** 14.0 14.5 0.66 
Total pod number 3.5 3.4 2.8 3.2 3.1 2.7 0.37 
Total flower and pod 
abscission (%) 73.4 74.4 77.0 70.6 77.0 80.2 3.3 
Number of large pods 
(2.5 cm or larger) 1.87 1.40 152 110* 2.00 158 0.29 
Number of small pods 
(smaller than 2.5 cm) 160 2.00 126 2.10 107 108 0.47 
Pods with 3 seeds^ 0.40 0.33 0.50 0.40 0.50 0.54 0.13 
Pods with 2 seeds 1.03 0.80 0.95 0.52* 0.88 0.92 0.19 
Pods with 1 seed 0.43 0.27 0.07* 0.17 0.62 0.13 0.17 
^Pods with no seed is not listed as a separated category. 
* p < 0.05; **p < 0.01. 
Table 20. Effect of the hormone-like compounds on the typical raceme two weeks after the last flower had 
abscised or set a pod on this raceme (Experiment 3) 
Measurement C/lan BAP GA TIBA TIBA 
+CG 
BAP 
+CG 
SEM 
Total flower number 13.4 14.4 12.7 13.5 14.8 14.1 0.66 
Total pod number 3.4 3.3 3.0 4.0 5.4* 2.8. 0.37 
Total flower and pod 
abscission (%) 74.4 76.4 74.8 68.6 62.7** 79.4 3.3 
Number of large pods 
(2.5 cm or larger) L40 3.00** 1.07 2.40** 1.25 2.48** 0.29 
Number of small pods 
(smaller than 2.5 cm) 2.00 0.33** 198 1.00 4.16** 0.45* 0.47 
Pods with 3 seeds^ 0.33 0.83* 0.19 0.20 0.08 0.95** 0.13 
Pods with 2 seeds 0.80 1.75** 0.76 1.13 0.42 114 0.19 
Pods with 1 seed 0.27 0.37 0.12 1.07** 0.75* 0.38 0.17 
°Pods with no seed is not listed as a separated cat^ory. 
*p < 0.05; **p < 0.01. 
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number of pods set earlier, these pods now dropped off during pod growth 
period to give a pod number close to that of the other treatments. The 
exception to this finding was the TIBA + CG treatment, where a greater 
number of pods survived. 
Several compounds affected the size of the pod that formed on the 
plant. Of the assimilatory compounds, CG reduced the number of one-
seeded pods that formed whereas GLN decreased the number of large, 
particularly, two-seeded pods that formed. 
TIBA, BAP and BAP+CG increased the number of large pods that 
formed. The number of small pods were reduced as a result of this effect. 
BAP by itself or in combination with CG increased the number of two and 
three-seeded pods that formed. TIBA caused one and two-seeded pods to 
form. TIBA in combination with CG resulted in an increase in the number 
of smaller pods. 
Experiment 4 
At the start of the treatments (Table 21) in this experiment, the plants 
were smaller in height than in the last experiment (98.3 cm), but more 
leaves had emerged (12.7 vs 11.2). The amount and partitioning of dry 
weight into the leaves, stems and raceme were similar to the previous 
experiment. There was less dry weight partitioned to the racemes in this 
experiment (0.83 vs 1.65 %), but the typical raceme represented a greater 
proportion of this dry weight (14.0 vs 11.4 %). 
The BAP, TIBA and ethephon treatments were the only compounds 
that had an effect on flower survival in this experiment (Table 22). BAP and 
TIBA increased pod set and decreased flower abscission, but only at the 
distal flower positions. The effect of the compounds on this part of the 
raceme, was enough to significantly increase the number of pods formed, 
and decrease non-significantly, abscission of the whole raceme. Ethephon 
decreased pod set and increased flower abscission at both the basal and 
distal position to give high flower abscission percentages and poor pod set 
on the raceme as a whole. The effects of the treatments on pod growth and 
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Table 21. Distribution of dry weight at the start of the treatments 
(Experiment 4). 
Measurement 
Standard Error 
of the Mean 
Number of emerged leaves 12.67 0.11 
Plant height (cm) 92.8 1.1 
Leaf area (cm^/pot) 4768 187 
Total flower number on 
typical raceme 12.3 0.37 
Number of open flowers on 
typical raceme 0.04 0.04 
Leaf dry wt (^pot) 9.8 0.46 
Stem dry wt (g/pot) 10.7 0.51 
Raceme dry wt (g/pot)® 0.168 0.013 
Typical raceme diy wt (g/plant) 0.0238 0.0025 
Total dry wt (g/plant) 20.7 0.91 
Raceme of total dry wt (%) 0.83 0.07 
Typical raceme of total raceme 
diy wt (%) 14.0 0.53 
^Includes typical raceme dry weight. 
Table 22. Effect of the treatments on pod set at the basal (flower positions 1-4) and distal (flower positions 5 
upwards) sites of the typical raceme (Experiment 4) 
Measurement C C/lan BAP ETH TIBA GLN sue SEM 
Days after Mar 1 that 
first flower opened 18.1 17.1 17.0 17.0 16.8 16.7 17.7 0.41 
Total flower number 12.3 12.4 12.4 12.6 12.7 13.2 12.8 051 
Number of basal pods 3.50 3.75 3.29 1.42** 3.92 3.46 3.67 0.21 
Number of distal pods 3.58 3.38 4.85** 1.25** 4.5* 3.71 400 0.34 
Total pod number 7.1 7.1 8.2* 2.7** 8.4* 7.2 7.7 0.45 
% basal flower abscission 115 6.3 17.7 64.6** 2.1 13.5 8.3 5.3 
% distal flower abscission 53.7 55.9 38.6* 86.3** 43.7* 57.8 49.9 4.9 
% total flower abscission 40.3 40.3 32.2 79.6** 313 44.6 37.3 4.4 
»p<0.05; »*p<0.01. 
Table 23. Effect of the treatments on pod survival 2 weeks after the last flower had abscised or set a pod on 
the typical raceme (Experiment 4) 
Measurement C C/lan BAP ETH TIBA GLN sue SEM 
Flower number 12.3 12.4 12.4 12.6 12.9 13.2 12.9 051 
Pod number 2.67 2.67 3.17 1.17** 5.05** 1.90* 2.42 0.29 
% total abscission 77.5 77.5 73.3 91.2*» 57.0** 85.7* 79.9 2.8 
Number of large pods 
(2.5 cm or larger) 2.54 2.13 2.50 0.79** 4.48** 148* 196 0.32 
Number of small pods 
(smaller than 2.5 cm) 0.13 054 0.67 0.38 0.48 0.46 0.29 0.22 
Pods with 3 seedsa 0.88 0.67 0.94 0.17** 0.81 0.50* 0.71 0.15 
Pods with 2 seeds 1.50 1.33 1.44 0.50** 2.81** 0.79* 113 0.24 
Pods with 1 seed 0.17 0.08 0.13 0.13 1.14 0.19 0.13 0.12 
*p < 0.05; •*p<0.01. 
&Pods with no seed is not listed as a separate category. 
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survival can be found in Table 23. In contrast to the last experiment, TIBÂ 
increased pod survival. Ethephon was applied at a lower concentration in 
this experiment and its eifect of lowering pod set could be measured during 
the pod growth stage. BAP also decreased total flower and pod abscission, 
but the effect was not significant. BAP did not increase the pod size as was 
evident in the last experiment, instead it was TIBA that increased the 
number of larger pods that formed. These pods tended to have 2 seeds per 
pod. Glutamine which had no effect on flower survival decreased pod 
number in this experiment. Ethephon and glutamine also decreased the 
number of pods that set 2 and 3 seeded-pods. 
Discussion 
In these experiments, the stage at which the treatments were applied 
was about the same. The racemes accounted for about 1 % of the total dry 
weight and the typical racemes which were treated, represented from 10 to 
15 % of the total raceme dry weight. The dry weight balance between the 
leaves and stems did vary between the experiments. This may have been a 
function of the light environment seen by the plants. The experiments were 
conducted at different times of the year and with (Experiments 3 and 4) and 
without (Experiments 1 and 2) additional irradiance from high pressure 
sodium lamps. 
The first experiment with BAP showed that the water-based 
treatments were more effective than the lanolin treatments, but, in further 
experiments, it was decided to use lanolin as the lanolin would tend to 
deliver the BAP at a slower and more realistic dose. The water-based BAP 
treatments also had other compounds such as phosphorus present, that 
might interact with or affect the compounds to be tested on the raceme. 
There was evidence from the water-based treatments that a lower amount 
of BAP was just as effective as a higher concentration, thus 0.01 % was 
applied in later experiments. 
From these experiments, it is apparent that three of the compounds 
tested affected the flower abscission process. BAP (cytokinin) and TIBA (an 
anti-auxin compound) were shown to increase the number of flowers that 
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set pods and decrease the percentage flower abscission, whereas ethephon 
was shown to decrease the flowers that set pods and increased the 
percentage of flower abscission. Ethephon was observed to cause an 
abscission layer to form and this resulted in the whole raceme falling off 
the plant. 
BAP did not affect the development of the plant after the treatments 
were applied. Tables 9 and 11 showed no significant effects on plant height, 
total number of nodes formed and the position of the first flowering node. 
There also were no effects on dry weight accumulation within the plant 
except in the typical raceme. The BAP treatments caused an increased 
partitioning of dry weight to the typical racemes, particularly with the 
water-based treatments (Tables 9 and 10). Along with this increase in dry 
weight came increased pod set and decreased flower abscission. BAP also 
seemed to decrease the time a flower needed for pod set or abscission to 
occur at a flower site. 
The effect of TIB A on the dry weight distribution in the plant was not 
studied here. Greer (1964) showed that TIBA sprayed onto field grown 
soybean plants resulted in greater total dry weight, with less accumulation 
in the leaves and more in the stem+petiole and pod+seed fractions, 
throughout the whole growing season. The increased partitioning of dry 
weight to the reproductive organs agrees with the results found with BAP 
in these experiments. 
Ethephon decreased the number of flowers that set pods and 
increased flower abscission. In the first experiment, ethephon resulted in 
almost complete flower abscission. As the amount of ethephon applied was 
decreased in later experiments (from Experiment 2 to 4), the effect of the 
ethephon was less. The lower concentration seemed to cause abscission of 
just the flowers instead of the whole raceme to occur with greater 
frequency. 
Other compounds affected flower abscission less and in an 
inconsistent manner. In Experiment 2, GA at the lower concentration (0.01 
%) tended to decrease the total flower abscission of the raceme (Table 15), 
while not changing flower abscission at the higher concentration (0.1 %), 
which suggests that an optimum effective concentration may be involved. 
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The effect of the two concentrations of GA, however, had opposite effects at 
the basal and distal flower positions. In agreement with Experiment 2, 
Experiment 3 showed that 0.01 % GA also decreased flower abscission at 
the distal part of the raceme. 
Calcium gluconate at the lower concentration (1 %) increased the 
number of flowers that set pods and decreased flower abscission in 
Experiment 2 (Table 14) and in Experiment 3 (Table 17). There was no 
additive effect when calcium gluconate was present in combination with 
BAP or TIBA (Table 18), compounds which also increased pod set. Calcium 
gluconate also tended to have adverse effects on later pod growth especially 
in combination with TIBA and BAP. The increased number of 2-seeded 
pods that formed with these treatments was not present when calcium 
gluconate was combined with either TIBA or BAP. 
Glutamine + sucrose decreased flower abscission significantly in 
Experiments 2 (Table 14) but not in Experiment 3 (Table 17). Glutamine 
decreased flower abscission in Experiment 3 but not in Experiment 2. 
Sucrose had no effect in any experiment. 
Some of the compounds that decreased flower abscission also had 
effects on pod growth. BAP tended to increase pod size and the number of 
seeds set per pod in Experiments 1 & 3 ( Tables 12 and 20), but the effect did 
not occur in Experiment 4 (Table 23). TIBA caused increases in the 
number of pods in Experiment 4 (Table 23), but not in Experiment 3 (Table 
20). But in both experiments an increase in the number of one and two-
seeded pods could be observed. Different rates of hormone breakdown both 
inside and outside the plant due to the varying environments in the 
experiments, may explain the results. 
It appears that cytokinins, auxins and ethylene are involved in the 
regulation of flower abscission in the plant. But other compounds such as 
GA and calcium gluconate may be involved. The effects of BAP and the 
anti-auxin TIBA may be through increased assimilate supply to the 
raceme, as dry weight increases in the racemes were always associated 
with these treatments. Ethephon seems to be the abscission signal as an 
abscission layer appeared soon after its application. 
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CHAPTERS 
XYLEM DEVELOPMENT ASSOCIATED WITH HORMONE-LIKE 
COMPOUNDS EFFECTIVE IN ALTERING FLOWER ABSCISSION 
Introduction 
Very little is known about the vascularization of the developing 
soybean ovary after fertilization. The only known study is that of Pamplin 
(1963). He described the vascular development of an ovule in a probable 
non-abscising soybean flower. The changes that may occur between 
abscising vs non-abscising flowers had not been detailed. 
It is possible that the vascularization may limit the growth of the 
flower and result in abortion, if assimilates or hormones are in short 
supply. Preliminary studies had shown that it is possible to view the 
vascular system three-dimensionally throughout the first few critical days 
after flowering. This period of time had been shown by Dybing et al. (1986) 
to be when changes occur that are important in the determination of the 
survival of a flower. The staining method used only allowed xylem 
development to be observed. The penetration of stains used to observe 
phloem were slow and not very effective. Thus, in this chapter, the 
development of the xylem is described and the influence of hormone-like 
compounds is evaluated. The hormone-like compounds used were those 
that were effective in changing abscission rates in the previous chapter. 
Materials and Methods 
This study was an extension of Experiment 4 of Chapter 2. The 
growing conditions and experimental layout were detailed in Chapter 2. 
From each block of the experiment, the two control treatments, plus the 
BAP, TIBA and ethephon treatments were used to collect samples for 
observations of ovary development. Samples of the typical raceme were 
collected 0,1 and 3 days after the fifth flower opened on this raceme. The 
three plants in a pot, were chosen randomly for the 0,1 and 3 day 
samplings, so that each plant had one raceme harvested. After collection, 
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each raceme was divided into two parts, basal (positions 1-4) and distal 
(position 5 upward) flowers. These portions of the raceme were placed 
separately into a vial containing 95 % ethanol in preparation for further 
processing and staining. 
The raceme samples were stained using a clearing and staining 
technique developed by Dr N. Lersten of the Botany Department of Iowa 
State XJniversity. Each sample was passed through the following 
procedure: 
1. Samples were placed into sodium hydroxide (10 g / 100 ml distilled 
water) for 2 weeks. 
2. The samples were passed through three changes of distilled water 
each of 5 min. duration, before being placed in chloral hydrate (250 g / 
100 ml distilled water). The samples were kept at this stage for at least 
1 day and could be stored indefinitely at this stage if desired. 
3. The next stage of processing consisted of 3 passes through distilled 
water of 5 min. duration each. 
4. Two changes of 95 % ethanol for 10 min. each followed the water 
washes. 
5. Two changes of absolute ethanol ( 5 min. each). 
6. One pass through equal parts of xylene-absolute ethanol for 10 min. 
7. The samples were then stained with 1 g safranin / 100 ml in equal 
parts xylene and absolute ethanol for 12 min. The stain was filtered 
through filter paper (Whatman no. 1) before use. 
8. The samples were destained in equal parts of xylene and absolute 
ethanol for 1 min., and then placed immediately into xylene to stop 
destaining. 
9. The flowers were then dissected and the ovaries was mounted onto 
microscope slides using Permount as a mounting medium. 
10. The slides were examined under the microscope and observations of 
xylem anatomy and other measurements were made on the ovary. 
A scale of stages of development was devised to observe the hormone­
like treatment differences. The scale was based on 8 stages of development 
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found in the developing ovaries. The stages mainly described the extension 
of the xylem into the ovary. This was the most obvious character that 
changed with time. The scale was as follows: 
Stages of development of the ovarv 
1. Three bundles of xylem vessels extending longitudinally from the base 
to the tip of the pod. The bundles were spaced equidistantly around the 
exterior wall of the pod. Two of the bundles stopped at two-thirds of the 
length of the ovary (just past the most distal ovule), whereas the third 
extended through the style into the stigma. (Fig. 8 a) 
2. The same vascular development as above, but an isolated strand of 
xylem could be observed in the most distal ovule. 
3. The same vascular development as in stage 1, except all ovules 
contained an isolated section of xylem vessel. The vessels in the ovules 
didn't seem to be continuous with the xylem bundles running along 
the exterior of the ovary. This is contrary to the description presented 
by Pamplin (1963). 
4. Vascular development as in stage 3, with branching starting to appear 
over the distal ovule. The branching began as extensions of three main 
bundles at the exterior of the ovary, but grew at right angles to these 
bundles. (Fig. 8 b) 
5. The branching that started in the last stage was now half-way over the 
top ovule. The rest of the development was as above, but with the xylem 
development in the ovules slightly more advanced. 
6. A completed network between the main vascular bundles was now 
evident over the distal ovule. Xylem development in the ovules has not 
changed greatly. (Fig. 8 c) 
7. A network of xylem now was present over the top one-half of the ovary. 
Xylem development in the ovules is 0.4 mm long and the xylem has 
become multi-stranded. 
8. The xylem network has completely covered the ovary. Xylem vessels in 
the ovule are 0.6 to 0.8 mm in length. 
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Fig. 8 Characteristics of xylem growth used for the identification of the 8 
stages of development of the ovary, (a = main bundles of xylem 
extending the length of the ovary; b = branching of xylem over 
distal ovules; c = xylem has completely covered the distal ovule; 
d = distal ovule; e = xylem vessel) (100 x magnification) 
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Other measurements taken on the ovaries included ovary length and 
width, the number of ovules per ovary and the number of xylem elements 
present at the base of the ovary. All the measurements were taken on the 
stained specimens under the microscope. The xylem vessels at the base of 
the ovary always appeared in 3 bundles, and approximately equal numbers 
of vessels were present in each bundle. Thus, a total count and not the 
distribution of the vessels in the three bundles was measured. 
Results 
The hormone-like compounds affected the dimensions of the ovary 
and the development of the xylem vessels within the ovary (Table 24). TIBA 
increased ovary length and width, whereas ethephon decreased both these 
dimensions. BAP increased the length of the ovary, although non-
signifîcantly, but significantly increased ovary width. Only BAP enhanced 
ovary development. TIBA was effective in increasing the number of xylem 
vessels that developed at the base of the ovary. No effects on ovule number 
were seen with any treatments. 
The two types of control treatments also differed significantly over the 
measurements taken in this experiment (Table 24). The lanolin control 
caused a smaller ovary with fewer xylem vessels to develop. Development of 
the ovaries also was slower in the presence of the lanolin. 
As would be expected, the ovary grew in both width and length with 
time (Table 24). Development of the ovary progressed close to 1 stage unit 
per day. Surprisingly, the xylem vessels at the base of the ovary also 
increased in number, particularly by the third day. This could be a 
function of the increased branching observed with the ovaries in the later 
stages of development. More xylem vessels perhaps are needed to supply 
the branching network that developed. 
The distal flowers tended to have ovaries that were smaller and 
slower to develop xylem than the basal flowers (Table 24). At the time of 
sampling, the flowers at these positions were younger and this may be the 
effect that can be seen. The mean number of days between the first and fifth 
flower opening on the typical raceme was 0.74 days (SEM = 0.214). This did 
73 
Table 24. Effect of the hormone treatment on the ovaiy of the typical raceme 
Treatment Ovaiy Ovary Stage of Number Ovule 
length width development of xylem numbe (mm) (mm) of ovaiy vessels 
Hormone treatment 
Control 3.14 0.63 4.35 16.5 2.17 
Cont/lan 3.13 0.60** 3.93* 14.8** 2.21 
BAP 3.28 0.64** 4.90* 16.0 2.20 
TIBA 3.42** 0.78** 4.30 19.6** 2.17 
Ethephon 2.71** 0.57** 3.98 15.7 2.29 
SEM 0.066 0.0165 0.16 0.36 0.063 
ori1kyiWj%al JDEKïBIQda 
Odays 2.86 0.60 3.19 15.6 2.21 
Iday 3.01* 0.62** 3.93** 15.5 2.18 
3 days 3.54** 0.71** 5.76** 18.5** 2.24 
SEM 0.052 0.013 0.12 0.28 0.049 
Flower position on the typical raceme 
Basal* 3.35 0.7 4.87 17.4 2.20 
Distal^ 2.92** 0.59** 3.72** 15.6** 2.22 
SEM 0.042 0.010 0.10 0.22 0.040 
*p < 0.05; **p < 0.01 from the Control value. 
^Basal a Flower positions 14, Disal = Flower positions 5 and above. 
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not vary significantly between the treatments (not shown), except ethephon 
where it was 1.71 days. Ovule number was not affected by the position of the 
flower, which suggested that the flowers were equally pollinated and it was 
the post-pollination events that were affected by the treatments. 
The ovary length and width increased with time, but this happened 
more quickly in the ovaries of the basal vs distal flower positions (Figs. 9 
and 10). This again could be attributed to the basal flowers being older 
than the distal flowers. The increase in length with TIBA and BAP was 
obvious in the basal flower positions, but not as apparent at distal positions. 
Also the effects of these hormone-like compounds were not apparent until 
several days after the flowers at the respective raceme positions had 
opened. The increase in width of the ovary with TIBA can be seen both in 
the basal and distal flower positions, and were obvious earlier than the 
changes in length. Ethephon seemed to result in little changes of length 
and width with time. This would explain the overall decrease in length and 
width of the ovaiy found with this treatment in Table 24. 
Development of the ovaxy progressed with time (Fig. 11) and TIBA 
had the most effect on shortening this period. The effect of this treatment 
was most apparent in the distal flowers the day the fifth flower opened, 
followed by the basal positions one day later. This advancement of 
development of the ovary was not as great toward the end of the sampling 
period. BAP increased ovary development later in the sampling period. 
Changes in development of the ovary with ethephon occurred 3 days after 
the fifth flower opened at both the basal and distal parts of the raceme. This 
may be a function of ethephon becoming ineffective at this time. This 
compound was applied as a solution and it acts in the gaseous phase. A 
fast disappearance of ethephon could easily be envisaged and this allowed 
ovary development to continue. 
The changes in stage of ovary development were mainly differences 
in xylem distribution within the ovary, thus TIBA resulted in faster 
development of the xylem vessel system. It was effective already at the 
distal flower positions on the day the fifth flower opened on the raceme. 
BAP tended to result in a more prolific xylem system several days after 
75 
Distal flowers 
& 
I 
& 
0 1 
Time 
(days after fifllih flower opened) 
• c 
H C Ian 
B BAP 
E TIBA 
H ETHEPHON 
Basal flowers 
i 
12 3 
TIME 
(days afler flfltih flower opened) 
Fig. 9. Effect of the hormone treatments on ovary length of the basal 
(positions 1-4) and ^stal (position 5 and upward) flowers of the 
typical raceme (Standard error of means on first data point) 
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Fig. 10. Effect of the hormone treatments on ovary width of the basal 
(positions 1-4) and distal (position 5 and upward) flowers of the 
typical raceme (Standard error of means on first data point) 
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Fig. 11. Effect of the hormone treatments on stage of development of the 
basal (positions 1-4) and distal (positions 5 and upward) flowers of 
the typical raceme (Standard error of means on first data point) 
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the opening of the flower. The effect of this hormone-like compound can be 
seen 2 days after the fifth flower opened at the basal flower positions. This 
is equivalent to 3 days after the first flower of the raceme opened. BAP also 
was effective 3 days after the fifth flower opened at the distal flower 
positions. Changes in development with the ethephon treatment became 
apparent in the distal flower positions at this time as well. 
The number of xylem vessels slowly increased with time (Fig. 12). 
TIBÂ had more xylem vessels than any other treatment at any position and 
sampling time. Thus the action of this compound was present at flower 
opening and was effective throughout the sampling period. The presence of 
lanolin tended to decrease the number of vessels present at all sampling 
times. This again may have been a function of a slower development of the 
xylem, especially with respect to brsmching occurring over the ovules. No 
consistent differences were observed with any of the other treatments. 
The ovule number (Fig. 13), as observed before, was not consistently 
affected by the treatments. There also was no change in the number of 
ovules per ovary with time. 
Discussion 
BAP and TIBA can be seen to have positive effects on the ovary 
growth and development as measured in this experiment, whereas 
ethephon had negative effects. TIBA and BAP increased the overall 
dimensions of the ovary. Ethephon tended to slow ovary growth and 
resulted in a smaller ovary. Lanolin also tended to decreased the ovary 
width. The effects of TIBA were present within one day of flower opening, 
whereas BAP and ethephon were effective 2-3 days later. 
BAP and TIBA both had positive effects on xylem development, but 
through different mechanisms. TIBA resulted in more xylem strands 
being formed at the base of the ovary and this effect was present on the day 
the flowers opened. TIBA also hastened the stage of development of the 
xylem one day after flower opening, a difference that was not as obvious 
later in the sampling period. BAP accelerated development of the xylem 
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Fig 12. Effect of the hormone treatments on the number of xylem vessels at 
the base of the ovary of the basal (positions 1-4) and distal (position 5 
and upward) flowers of the typicsd raceme (Standard error of means 
on first data point) 
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Fig 13. Effect of the hormone treatments on number of ovules in the ovary 
of the bassd (positions 1-4) and distal (position 5 and upward) flowers 
of the typical raceme (Standard error of means on first data point) 
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vessel network 2-3 days after flower opening, but had no effect on the 
number of vessels that developed. 
Ethephon seemed to slow or stop the development of the xylem 
network. This could be due to the formation of an abscission layer at the 
base of the flower. The increase in development of the ovary, 2 - 3 days after 
flower opening, may be a result of the compound no longer being present, 
thus allowing the surviving flowers to continue developing. 
No effects on ovule number were observed in this experiment. The 
ovules may still play a part in determining demand of assimilate by ovary 
and consequently may affect the hormone distribution within the ovary. 
The three hormone-like compounds BAP, TIBA and ethephon which 
were effective in changing xylem development were involved in flower 
abscission as well. BAP and TIBA, which decreased flower abscission in 
Chapter 2, also seemed to change the vascularization of the ovary. The 
increased xylem connections could allow more minerals to enter the ovary 
plus supply the ovary with greater turgor pressure for growth. These 
changes may occur too late, though with the BAP treatment to be practical. 
The possibility that the phloem is similarly affected by the hormone­
like compounds could not be explored with the technique used in this 
experiment. More detailed sectioning and staining of the ovary needs to be 
used to study the effects of the hormones on the phloem and the 
consequential movement of assimilates. The phloem development usually 
precedes that of the xylem. Thus, BAP may affect phloem development 
closer to the time that events influential in the flower abscission process 
occur. 
The effect of BAP may be at the cell level before development of a 
network of vascular tissue has started. It may speed up cell division and 
create a larger sink for assimilates, thus ensuring survival of a greater 
number of flowers. 
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CHAPTER 4 
THE EFFECT OF SHADING ON FLOWER ABSCISSION 
Introduction 
Field studies have suggested that assimilate levels within the plants 
during the flowering period may affect the amount of flower abscission that 
is observed. Environmental factors such as extra irradiance into the 
canopy, increased levels of CO2, and irrigation during the flowering period 
have been found to decrease flower abscission. Conversely, shading, severe 
defoliation and water stress during the flowering period, have been found to 
increase flower abscission. 
The lower part of a soybean canopy has been shown to have greater 
levels of flower abscission. Assimilate levels also have been found to be at 
lower concentrations in this part of the canopy (Antos and Wiebold, 1984). 
Also levels of assimilates within the plant have been found to mirror 
demand associated with the pod load present on the plant (Streeter and 
JefiTers, 1979). 
In contrast. Stockman and Shibles (1986) could not And an 
association between assimilate supply and flower abscission in an in-depth 
study of a raceme on the plant. A criticism of this study is that the time of 
application of the assimilate supply treatments may have been too late to be 
effective on flower abscission. In the study of Stockman and Shibles, the 
assimilate supply treatments were given during the flowering period. In 
this study, shading treatments were given before and during the flowering 
period. 
Shading has been found to decrease the dry weight of the plant and 
result in less of this dry weight partitioned to the pods (Schou et al., 1978). 
A decrease in pod number per plant was observed as well. In Chapter 2, it 
was found that an application of BAP to a single raceme could change the 
partitioning of dry weight in favor of this raceme. Thus the possibility that 
in shaded plants, BAP could change partitioning of dry weight to the 
raceme was studied in this experiment. This change in partitioning of dry 
weight to the raceme also may decrease the amount of flower abscission 
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found to occur on the raceme. A decrease in flower abscission was found 
with the application of BAP in Chapter 2. 
Materials and Methods 
Experiment 1 
Growing conditions Soybean seeds of A80-D17 were planted into 
black plastic pots and grown as specified in Chapter 1. The average 
maximum and minimum temperatures during the experiment were 30.1 C 
(SD = 2.8) and 22.8 C (SD = 1.52) respectively. Growing degree day (GDD) 
accumulations during the experiment were 749 up to the appearance of the 
first open flower on the typical raceme and 1,083 GDD for the whole 
experiment. The average PPFD (Photosynthetic Photon Flux Density) 
received per day throughout the experiment was 20.6 Bm-2 (SD = 7.2). The 
PPFD received prior to the appearance of the first open flower on the typical 
raceme was 1,154 Em'^. Throughout the whole experiment 1,666 Em'^ was 
received. The temperature and radiation values were calculated as 
outlined in Chapter 1. No additional irradiance from high pressure 
sodium lamps was given in this experiment. 
Experimental lavout The experiment was divided into eight blocks at 
planting. There were 2 treatments and a control in each block. Each block 
contained enough plants for a harvest at the start of the treatment, another 
at one week after the treatment started, and the final one at the end of the 
treatment period. 
Treatments The treatments consisted of shading at the following 
time periods. The abbreviations used to designate the treatments are in 
brackets behind the treatment description. 
1. No shading (C) 
2. Shading from first appearance of the typical raceme to 50 % 
flowering on this raceme. (SI) 
3. Shading from 1 week after the appearance of the typical raceme to 
1 week after SO % flowering on this raceme. (S2) 
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The shading treatments consisted of sarlan cloth suspended over the 
pots at a height of 2 meters above the base of the pots in the same 
greenhouse as the control pots. This resulted in a 61.3 % reduction in 
irradiance received during the day by the plants. Border pots were used on 
the south side of the shaded plants. The pots were re-randomized under the 
shades twice a week. There was no difference in temperature between the 
shaded and control plants. 
Plant samplings The plants harvested were divided into leaves, 
stems and racemes. The samples were collected and dried as specified in 
Chapter 1. The effect of the treatments on flower abscission was measured 
by observing total numbers of flowers formed and counting pods that had 
set by the end of the flower abscission period. 
Experiment 2 
Growing conditions Soybean seeds of A80-D17 were planted into 
black plastic pots and grown as specified in Chapter 1. The average 
maximum and minimum temperatures during the growing period were 
28.7 C (SD s 2.9) and 22.0 C (SD = 0.89) respectively. GDD accumulations 
during the experiment were 603 up to the appearance of the first open 
flower on the typical raceme and 880 GDD for the whole experiment. The 
average PPPD received per day throughout the experiment was 16.7 Em 2 
(SD = 7.3). The average level received up to the appearance of the first open 
flower on the typical raceme was 924 Em"^. Throughout the whole 
experiment 1,170 Em'^ was received. The temperature and radiation 
values were calculated as outlined in Chapter 1. 
Experimental lavout gM treatments This experiment had the same 
design and treatments as Experiment 1, except an additional treatment 
was added to the 82 shading period. BAP (0.01 % in lanolin) was applied to 
one additional control and S2-treated pot in each block. Abbreviations used 
for these treatments were BAP and BAP/82, respectively. The BAP was 
applied to the base of the first and fifth flower when a flower had opened at 
these positions. For further details on this treatment, refer to Experiment 1 
of Chapter 2. 
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Plant samplings In this experiment plants were harvested at the 
start of SI and 82, one week after SI started and at the end of the S2 shading 
period. Measurements of plant growth and development at the plant 
sampling times plus the effect of the treatments on pod set were recorded as 
described in Experiment 1 of this Chapter. 
Experiment 3 
Growing conditions Soybean seeds of Â80-D17 were planted into 
black plastic pots as specified in Chapter 2. The average maximum and 
minimum temperatures during the experiment were 24.9 C (SD = 2.9) and 
20.1 C (SD = 2.46) respectively. ODD accumulations during the growing 
season were 624 up to the appearance of the first open flower on the typical 
raceme and 926 GDD for the whole experiment. The average PPFD received 
per day throughout the whole experiment was 12.1 Em'^ (SD = 5.9). The 
PPFD received prior to the appearance of the first open flower on the typical 
raceme was 934 Em-2. Throughout the experiment 1,148 Em'^ was 
received. The temperature and radiation values were calculated as 
outlined in Chapter 1. The plants received extra irradiance from high 
pressure sodium lamps (400 watts) of 5.85 Em'^ per day. The lights also 
extended the daylength to a constant 15 hours from 6:00 to 19:00 hrs each 
day. The plants also were given a systemic drench of "Banrot" as outlined 
in Experiment 4 of Chapter 2. 
Experimental lavout This experiment again was of a similar design 
to Experiment 1. The shading treatments were similar to those outlined in 
the first experiment. Due to colder temperatures in the greenhouse during 
this experiment, the time from raceme appearance to flower opening was 
longer, and therefore created more lengthy treatment periods and 
treatments which predominantly affected the pre-flowering period. 
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Treatments The treatments and the abbreviations used to designate 
them were: 
1. No shading (C) 
2. Shade during the 15 day period after the first appearance of the 
typical raceme. (SI) 
3. Shade of 22 days duration from one week after the appearance of 
the typical raceme until one week after flowering had started on 
the typical raceme. (S2) 
The same BAP treatment (0.01 %) as outlined in Experiment 2 also 
was applied to the typical racemes of one control and one S2-shaded pot per 
block in this experiment. A harvest of 4 pots of each treatment was taken 
on these plants 15 days after the treatments had commenced. No border 
pots were used for the shading treatment in this experiment, but the pots 
were re-randomized more frequently (every 2nd day). 
Plant samplings Harvests and measurements were taken on the 
shaded and control plants as outlined in Experiment 1, but with the 
additional harvest of 4 pots each of the control, BAP and BAP/82 
treatments. 
Results 
Effect of shading treatments 
Experiment 1 The effects of both of the shading treatments on dry 
weight accumulation already were evident one week after the treatments 
had started (F-9 for SI and F-1 for S2 in Table 25). At these harvests, the 
leaf, stem, raceme and typical raceme diy weights were decreased by the 
shading treatments. Partitioning of dry weight to raceme was decreased at 
this stage with both treatments, but the partitioning of dry weight to the 
typical raceme was not different from the rest of the racemes. At two weeks 
after shading (F-1 for 81 and F+6 for 82 in Table 26), plant height and leaf 
area also decreased significantly with shading. Leaf expansion was only 
decreased consistently with the 81 shading treatment. This effect could be 
one of the slowing of the development of the leaves, and not a change in 
Table 25. Effect of shading on dry weight distribution (Experiment 1) 
Days to first open Pry weight per pot (g) Drv weight (%) 
flower on typical Treat- Typical Raceme Typical raceme 
raceme (F) ment Leaf Stem Raceme raceme Total of total of raceme 
F-17 Control 7.34 6.14 0.025 . 13.5 0.183 
(SI start) SB# 0.27 0.26 0.0029 - 0.53 0.0179 -
F-9 Control 12.20 12.94 0.044 0.011 25J2 0.177 252 
(S2 start) 81 9.38** 10.22** 0.023** 0.0050** 19.6** 0.117* 21.8 
SEM 0.53 0.51 0.0034 0.00087 0.98 0.016 2.0 
F-1 Control 182 22.6 0.495 0.057 41.3 121 115 
(SI end) SI 7.8** 12.9** 0.107** 0.015** 20.8** 0.46** 16.6 
S2 11.6** 16.7** 0.251** 0.038** 28.6** 0.84** 17.3 
SEM 1.1 0.95 0.032 0.0046 2.0 0.07 2.7 
F + 6 Control 21.5 30.8 1.788 0203 54.0 3.30 11.3 
(S2 end) S2 12.5** 20.8** 0.846** 0.108** 33.7** 2.42** 13.1 
SEM 0.93 0.94 0.096 0.016 1.9 0.17 0.90 
^Includes typical raceme dry weight. 
^Standard error of the mean. 
*p<0.05; **p < 0.01. 
Table 26. Effect of shading on plant development (Experiment 1) 
Days to first open 
flower on typical 
raceme (F) 
Treat­
ment 
Number 
of expanded 
leaves 
Plant 
height 
(cm) 
Leaf 
area 
(cm2) 
% 
open 
flowers 
F-17 Control 7.5 69.2 3431 0.0 
(SI start) SEMa 0.10 1.7 119 0.0 
F-9 Control 10.5 112 6113 0.0 
(82 start) SI 10.1 122 5319 0.0 
SEM 0.16 3.7 358 0.0 
F-1 Control 13.8 147 7680 0.0 
(SI end) SI 12.5** 180** 4697** 0.0 
82 13.2*» 164** 6357 0.0 
SEM 0.13 2.0 539 0.0 
F + 6 Control 14.9 168 7926 73.0 
(S2 end) 82 14.7 196** 6292* 39.8** 
SEM 0.24 3.1 397 5.6 
^Standard error of the mean. 
*p<0.05; **p < 0.01. 
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the leaf number, as it only occurred temporarily with the 82 treatment. The 
82 treatment ended after all of the leaves had expanded on the plants. 
Flower opening, though, was slower at the end of the 82 treatment 
suggesting plant development still was affected by the shading treatment. 
Both shading treatments decreased the number of flowers and pods 
set on the plant (Table 27). Flower abscission, though, was only increased 
by the 81 shading treatment, as pod set decreases mirrored changes in 
flower number in the 82 treatment. 
Experiment 2 In Experiment 2, plants were harvested only at 6 days 
after the 81 treatment started (81 lasted 11 days), and at the end of the 82 
treatment (82 lasted 10 days). Both treatments resulted in decreases in dry 
weight of the leaf, stem and racemes (Table 28), but the decreases were not 
as great and not always as significantly different as in the first experiment. 
The racemes were most affected, with the shading treatments causing 
significant decreases in dry weight of these organs. Partitioning of dry 
weight to the racemes was decreased with both treatments as in the first 
experiment, but this effect was not significant. In accordance with the first 
experiment, there were no observable differences of partitioning of raceme 
dry weight to the typical raceme due to the treatments. 
Unlike the first experiment, plant height and leaf development were 
little affected in this experiment (Table 29). This could be due to the faster 
development of these plants resulting in smaller plants with less dense 
canopies, and thus there was less competition for irradiance. The short 
duration of the shading treatments also may have been a factor. 
Flower number, pod number and flower abscission were not 
significantly changed by the shading treatments in this experiment (Table 
27). There were slight increases in flower abscission with both shading 
treatments. 8ince the treatments were, as a whole, less effective on the 
plants, it is not surprising to find small differences at the raceme level. 
The faster development of the plants and the shorter shading period given 
to these plants, as discussed above, may have been a contributing factor to 
these results. 
90 
Table 27. Effect of shading on flower development of the typical raceme 
(Experiments 1,2 and 3) 
Total Number % 
Treatment flower of pods flower 
number formed abscission 
Ëxpenment 1 
Control 22.9 12.8 43.8 
SI 17.9** 6.7** 62.1** 
82 18.4** 10.1** 44.7 
SEM 0.71 0.57 2.14 
Experiment 2 
Control 9.8 4.5 52.9 
81 9.9 4.0 59.1 
82 10.5 4.1 60.3 
BAP 10.5 5.1 52.4 
BAP/82 9.6 4.6 50.9 
8EM 0.60 0.39 3.16 
Experiment 9 
Control 16.8 5.0 70.8 
81 15.9 6.0 62.2 
82 15.5 1.2** 92.2** 
BAP 14.9 6.9* 51.5** 
BAP/82 15.4 2.8** 82.5* 
8EM 0.85 0.68 4.0 
*p<0.05; •»p<0.01 
 ^Standard error of the mean 
Table 28. Effect of shading on diy weight distribution (Experiment 2) 
Days to first open Drv weight per not (g) Drv weight (%) 
flower on iypical Treat- 'Typical Raceme Topical raceme 
raceme (F) ment Leaf Stem Raceme^ raceme Total of total of raceme 
F-10 Control 5.92 5.06 0.0231 . 11.00 0.213 
(SI start) SE# 0.26 0.24 0.0027 - 0.43 0.027 -
F-4 Control 9.00 8.49 0.114 0.0210 17.6 0.47 18.2 
(S2 start) SI 7.86 7.64 0.080** 0.0150** 16.1 0.41 18.5 
SEM 0.44 0.30 0.006 0.0007 0.6 0.03 0.9 
F + 1 Control 10.9 11.26 0.257 0.0468 22.4 1.15 18.6 
(SI end) SEM 0.5 0.38 0.026 0.0038 0.9 0.10 1.1 
F + 6 Control 12.1 14.7 0.717 0.127 27.5 2.61 18.1 
(S2 end) S2 10.3 12.0** 0.416** 0.078* 22.6** 1.85 17.9 
SEM 0.6 2.2 0.047 0.012 0.9 0.24 1.5 
^Includes typical raceme dry weight. 
^Standard error of the mean. 
•p<0.05; •»p<0.01. 
Table 29. Effect of shading on plant developement (Experiment 2) 
Days to first open 
flower on typical 
raceme (F) 
Treat­
ment 
Number 
of eiqpanded 
leaves 
Plant 
height 
(cm) 
Leaf 
area 
(cm2) 
% 
open 
flowers 
F-10 Control 6.26 56.4 2901 0.0 
(SI start) SEMa 0.12 2.0 146 0.0 
F - 4 Control 8.09 79.9 4307 0.0 
(82 start) SI 7.98 86.4** 4303 0.0 
SEM 0.09 0.9 169 0.0 
F + 1 Control 9.24 100.2 5276 0.0 
(SI end) SEM 0.08 2.6 212 0.0 
F + 6 Control 9.78 107.3 5314 97.9 
(S2 end) 82 9.60 106.1 5089 74.4* 
SEM 0.24 2.7 314 5.6 
•p<0.05; »*p<0.01. 
a Standard error of the mean. 
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Experiment 3 The decrease in dry weight in the plant parts observed in this 
experiment were more evident with SI than with 82 (Table 30). The dry 
weight of all the vegetative organs, except leaf dry weight with 82 shading, 
were significantly decreased by both shading treatments. Partitioning of dry 
weight to the racemes was only significantly increased with the 82 shading 
treatment and no differences in the distribution of the raceme dry weight in 
favor of the typical raceme was observed. The greater partitioning of dry 
weight to the typical raceme at the end of the 82 treatment period may be a 
function of the 82 plants being developmentally behind the control plants 
and thus having a greater dry weight distribution in the typical raceme at 
this stage. The control treatment in this experiment showed a decrease 
with time of the dry weight of the typical raceme as a percentage of total 
raceme dry weight. Less open flowers were present in the 82 treatment at 
this stage, but the final number formed was the same as the control (Table 
27), which supports the hypothesis that the 82-treated plants were 
developmentally delayed. 
Plant height was increased with both treatments, but leaf expansion 
was only slightly lowered with the 81 treatment (Table 31). Again this could 
be a function of a slowing of leaf development with the 81 treatment, but not 
with the 82 treatment due to the completion of leaf development during the 
82 treatment period. 
The shading treatments had no effect on the number of flowers that 
formed, but the 82 treatment resulted in less pods formed and greater 
flower abscission (Table 27). 
Effect of BAP on S2-shaded planta 
The application of BAP had no significant effect on flower number, 
pod set and % flower abscission in Experiment 2 (Table 27). It can be seen 
though, that the application of BAP seemed to increase pod set and decrease 
flower abscission in the 82-shaded plants, to the level of the control plants. 
The application of BAP significantly increased pod set and decreased 
flower abscission in Experiment 3. The BAP also increased pod set and 
decreased flower abscission of the 82-shaded plants over that found in the 
82 treatment and this effect was significant at P = 0.05 level. 
Table 30. Effect of shading on dry weight distribution (Experiment 3) 
Days to first open Drv weight perpot(g) Drv weight (%) 
flower on typical Treat- T^ical Raceme Typical raceme 
raceme (F) ment Leaf Stem Raceme raceme Total of total of raceme 
F-21 Control 14.01 12.17 0.0220 26.2 0.084 
(SI start) SEM 0.52 0.87 0.0019 - 1.4 0.007 -
F-14 Control 14.99 15.27 0.036 0.0079 30.3 0.117 22.2 
(82 start) SI 14.48 14.39 0.032 0.0074** 28.9 0.110 24.4 
SEM 0.41 0.45 0.0027 0.0007 0.79 0.0077 1.1 
F-6 Control 19.7 20.5 0.099 0.0156 40.3 0.24 16.4 
(SI end) SI 14.4** 14.5** 0.069* 0.0112* 28.9** 0.23 16.4 
S2 16.9** 17.6** 0.062* 0.0104* 34.5** 0.18 17.7 
SEM 0.60 0.52 0.028 0.0011 1.06 0.019 1.25 
F + 8 Control 22.7 30.1 0.629 0.070 53.5 1.15 11.6 
(S2 end) 82 21.9 23.3** 0.311** 0.042** 45.5** 0.66** 14.3* 
SEM 0.84 0.81 0.051 0.0046 1.43 0,071 0.60 
^Includes typical raceme diy weight 
^Standard error of the mean. 
*p < 0.05; **p < 0.01. 
Table 31. Effect of shading on plant developement (Experiment 3) 
Days to first open Number Plant Leaf % 
flower on typical Treat­ of expanded height area open 
raceme (F) ment leaves (cm) (cm2) flowers 
F-21 Control 8.97 79.6 5443 0.0 
(SI start) SEMa 0.17 4.7 474 0.0 
F-14 Control 10.76 98.2 6115 0.0 
(82 start) SI 10.65 95.9 6328 0.0 
SEM 0.096 1.0 128 0.0 
F-6 Control 12.89 118.7 8037 0.0 
(SI end) 81 12.01** 126.0** 7488 0.0 
82 12.48 124.5** 8078 0.0 
SEM 0.16 1.4 267 0.0 
F + 8 Control 14.13 135.5 8893 22.4 
(S2 end) 82 14.13 143.3** 10789* 1.0** 
SEM 0.16 1.2 471 3.6 
^Standard error of the mean. 
*p < 0.05; **p < 0.01. 
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The application of BAP had little effect on dry weight distribution 
within the plants 15 days after the application period (Table 32). The stem 
and typical raceme dry weight increased slightiy in the BAP plants and dry 
weight partitioning increased to the typical raceme of the shaded plants 
treated with the BAP. The increase in dry weight of the BAP plants was 
perhaps due to larger plants sampled for this treatment, which is more 
likely to occur with a low replication number. Four pots per treatment were 
sampled at this harvest date. The ratio is probably more indicative of the 
function of BAP in flower abscission, as found in the experiments of 
Chapter 2, where the role was found to be an increased partitioning of dry 
weight to the raceme upon which the compound was applied. A greater 
partitioning of dry weight occurred when BAP was applied to the 82-treated 
plants than with the control, suggesting a constriction of flow of assimilates 
to the flowers of the control racemes may exist. 
Discussion 
Shading decreased the dry weight accumulation in all plant parts 
measured. But the shading had variable effects on plant height and leaf 
development. Plant height was increased in Experiments 1 and 3, but not 
in 2. The number of expanded leaves were decreased only by the SI 
treatment, again in Experiments 1 and 3, but not in 2. The effect of the 
treatments on plant height could be a function of the plant size and canopy 
density at the start of the treatments since the plants were smaller in 
Experiment 2 than the other experiments. In contrast, leaf development 
was finished before the end of the last shading treatment. Thus the 
shading treatment effects observed could be due to treatments slowing down 
the emergence of the leaves, but not affecting the final number. 
A decrease in the number of flowers formed as a result of both 
shading treatments occurred only in the first experiment. The number of 
pods set was decreased as well by these treatments, and also by the 82 
shading treatment in the third experiment. But the percentage flower 
abscission was decreased only by the SI treatment in Experiment 1 and 82 
97 
Table 32. Effect of BAP on diy weight distribution, 15 days after the start of 
flowering (Experiment 3) 
Measurement Treatment Std error 
Control BAP BAP/82 of the meai 
Number of expanded leaves 14.10 14.25 14.10 0.13 
Plant height (cm) 135.5 137.4 146.6 2.0 
Leaf dry wt (g/pot) 22.7 32.2 23.3 2.2 
Stem dry wt (g/pot) 30.1 35.8* 24.3 1.49 
Raceme dry wt (g/pot)^ 0.629 1.320 0.466 0.144 
Typical raceme dry wt 
(g/pot) 0.070 0.142* 0.089 0,011 
Total diy wt (g/pot) 53.5 69.3 48.0 3.7 
Raceme as % of total dry wt 1.17 1.85 0.94 0.16 
Typical raceme as % of 
total raceme diy wt 11.3 12.2 19.1** 0.77 
* p < 0.05; **p < 0.01. 
 ^ Includes typical raceme dry weight. 
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in Experiment 3. The 82 treatment of Experiment 3 occurred 
predominantly in the period before open flowers appeared on the typical 
raceme. This suggests that environmental conditions occurring a week or 
more before flowering were important in deciding the fate of the flowers. 
The results of Experiment 2, even though not significant, support this 
contention. 
Stockman (1984) showed that additional irradiance and defoliation 
had no effect on flower abscission when given during the flowering period. 
This also suggests that the period preceding flowering could be important. 
Field studies (Mann and Jaworski, 1970; Lawn and Brun, 1974; Schou et al, 
1978 and Wahua and Miller, 1978) had suggested that the environment 
aflkcted pod set during the flowering period. But as these studies used 
indeterminate cultivars, the environment may have affected only the later 
formed flowers. 
Since the period of significance occurs before the flowering process it 
is possible that the shading treatments may have caused a change in the 
hormone levels within the plants. It could be that shading increased the 
levels of auxins within the plant by changing the breakdown patterns of 
these hormones. The increased auxin levels then could have decreased the 
flow of assimilate to the raceme and increased the flower abscission 
observed. Perhaps the reason the application of auxin does not directly 
cause flower abscission without abnormal raceme development could be 
due to its interaction with ethylene, or perhaps the application rates may 
have been too high. The effect of TIBA, an anti-auxin, on increasing pod set 
(Chapter 2) certainly adds merit to the involvement of auxins. 
BAP applied at flowering partially overcame the pre-flowering effect 
of the shading treatments, seemingly by directing more assimilate to the 
flowers and increasing their chance of survival. This result adds support 
to the contention that both hormone levels and assimilate supply are 
involved in the survival of flowers on a raceme. 
It is possible that the concentration of a hormone is not important, 
but the ratio of its concentration with respect to other hormones, especially 
antagonists, is critical. The ratio of auxin and cytokinin concentations in 
the plant may determine the amount of flower abscission that occurs and 
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how assimilate will be distributed throughout the plant. The involvement of 
other hormone groups in this role also cannot be discounted. 
The alternate suggestion is that the levels of individual hormones at 
(lowering, regulate how much development is allowed to continue. These 
hormone levels, then, are a function of environmental conditions before 
flowering. Assimilate is supplied to those racemes that can continue to 
develop because they have been given the correct hormone signal. 
The possibility that the shading treatments caused flower sterility 
and thus increased flower abscission cannot be overlooked. But the 
increased pod set found in the 82 shaded plants with BAP applications at 
flower opening, does not support this hypothesis. 
Thus it seems at about one week before flowering starts, significant 
changes occur within the plant that influence the development of the 
flowers. It seems that assimilate movement is involved and it in turn may 
be regulated by hormone levels within the plant. 
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SUMMARY 
A determinate soybean genotype with elongated racemes was used to 
examine flower abscission in the greenhouse. It was found that both 
assimilate and hormone levels within the plant are involved in the 
abscission process. A complex interaction seem to be present, one which 
the experiments here just started to explore. 
In Chapter 1, the amount of branching that was allowed to occur 
determined the amount of flower abscission that resulted. Plants allowed to 
branch had more abscission than those that were debranched. Plants with 
branches also had less diy weight partitioned to the individual racemes. 
Increasing plant density substantially decreased dry weight accumulation 
within the plant, but had no effect on abscission. Plant density also did not 
change the dry weight of the individual racemes. In adctition, this study 
also found genotypic differences in flower abscission. The determinate 
genotype had greater amounts of abscission than the semi-determinate. 
This effect was not explored in further experiments. 
When assimilatory and hormone-like compounds were applied to the 
raceme, the hormone-like compounds were by far more effective than the 
assimilatory ones (Chapter 2). BAP (6-benzylaminopurine), TIBA, an anti-
auxin, (2,3,5-triiodobenzoic acid) and ethephon were hormone-like 
compounds that changed flower abscission percentages within the plant. 
BAP and TIBA decreased flower abscission percentages, whereas ethephon 
increased the percentage observed. As in Chapter 1, BAP and TIBA also 
increased the dry weight of the raceme. Ethephon increased flower 
abscission by causing an abscission layer to form. It seems that this 
hormone-like compound is involved in the final flower detaching process. 
GA (Gibberellic Acid) also could have a role in flower abscission, but if so, 
optimal concentrations of this hormone may be necessary. The effect of this 
hormone was not followed closely in this study. 
The assimilatory compounds that affected flower abscission were not 
consistent in their effect. This finding suggests that no one compound is 
limiting within the raceme on a constant basis, but this does not discount 
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the concept that assimilate supply on the whole may limit flower growth 
and survival. 
In Chapter 3, the hormone-like compounds which were effective in 
changing the percentage of flower abscission were shown to alter ovary 
growth and development during the period in which flower survival has 
been proposed to be determined. Increases in length and width of the ovary 
were apparent with the TIBÂ and BAP treatments. Ethephon seemed to 
stop growth completely and this is consistent with the formation of an 
abscission layer. 
Both TIBA and BAP also hastened the development of the xylem 
network throughout the ovary, but TIBA seemed to have its eflect 2 - 3 days 
before BAP. The effect of TIBA would be closer to the time when events 
important in the survival of the flowers occur. BAP may have an effect on 
other earlier events of development. Phloem differentiation, which would 
most likely occur before the xylem, is one possibility. Alternatively, BAP 
may have increased cell division thus creating a stronger sink for 
assimilates within the ovary. TIBA also increased the number of xylem 
vessels entering the ovary. This may have been a consequence of the faster 
development of the xylem network. 
Shading was found to be an environmental factor which increased 
the amount of flower abscission (Chapter 4). The greatest effect of this 
factor was apparent about one week before flowering start on the raceme 
examined in detail. Again, decreased raceme dry weight was associated 
with increased flower abscission. BAP applied at flowering was shown to 
reverse the effects of the shading by decreasing flower abscission to the 
levels found in the control plants. The effect of the BAP implied that the 
shading did not alter the fertility of the flowers. 
This study has presented evidence that hormones and assimilate 
supply may indeed be interconnected in the control of the amount of flowers 
that survive to set pods. It seems that the hormone-like compounds BAP 
and TIBA may direct water, minerals and assimilates to the raceme. The 
effect of TIBA may be to prevent the action of auxins in the abscission 
process. Ethephon may be the signal that causes the flower to disassociate 
from the raceme when the plant cannot support it. Environmental factors, 
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such as shading and changing the status of the plant by debranching, may 
be effective by altering the levels of the hormones found during the flower 
abscission process. 
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